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Art. XXX.—The columnar structure in the igneous rock on 
Orange Mountain, New Jersey ;* by JosEPH P. Ipp1N@s, of 
the U. S. Geological Survey. (With Plate IX.) 


THE long ridge lying west of the City of Orange, N. J., and 
locally known as the Orange Mountain, is formed of beds of 
older Mesozoic sandstone, dipping gently to the northwest. It 
is capped by a layer of igneous rock variously designated as 
“trap,” diabase or dolerite. The same rock forms the Palisades 
on the Hudson and occurs over large areas in Connecticut and 
other Eastern States. The thickness of this particular layer 
varies considerably, but in the vicinity of Orange it averages 
about 100 feet. Along the east face of the ridge it is exposed 
as a cliff whose lower portion is concealed under the angular 
fragments into which the rock readily breaks ; but numerous 
quarries have been worked in it to obtain the material for 
building the excellent roads which traverse the neighboring 
country. These quarries, many of them of long standing, give 
us in section the structure of this lava sheet. In neariy all of 
them a more or less distinctly columnar structure is noticeable 
in some part of the exposure, usua!ly the upper portion. Two 
localities are of special interest, because of the size and perfec- 
tion of the columns in one case, and of their arrangement in 
converging groups in both places. 

The first is John O’Rourke’s quarry on Mt. Pleasant avenue, 
just south of Llewellyn Park. This has lately become quite 


* Read before the Philosophical Society of Washington, June 6th, 1885. 
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renowned for its large vertical columns, which have attracted 
crowds of sight-seers from the immediate vicinity. While 
these columns are very fine examples of what is commonly 
met with on asmaller scale in many other localities, the chief 
geological interest is centered in the curving and radiating 
columns of smaller size into which the upper part of the mass 
is broken. A general view of this quarry is given in the ac- 
companying sketch, Plate [X, made from photographs taken by 
the writer in May, 1884, and subsequently ; it therefore exhibits 
some features which have been removed. At the southern end 
of the quarry, left end of the sketch, rise large massive columns 
from three to four feet thick and thirty feet high. They differ 
in the number of sides, having four, five or six. The faces of 
parting are not plane, but warped, giving a wavy form to the 
columns. These columns diminish in height toward the north, 
their breadth remaining constant, and are overlaid by long 
slender ones, eight or ten inches thick, which meet them at 
different inclinations. The main mass of these slender columns 
converge toward a center at the top of the cliff about 90 or 
100 feet above the floor of the quarry, which is only a few feet 
above the beds of sandstone. Here they extend from top to 
bottom and slope off to the north where they again lie upon 
tbe tops of thick vertical columns like those to the south. 
These stretch for a hundred yards farther north and differ in 
height from fifteen to thirty feet, being highest near the north- 
ern end of the quarry. 

Upon closer inspection it is seen that the tops of the large 
vertical columns taper off and curve over on one another in a 
direction away from the center of convergence of the overly- 
ing columns, the upper and lower columns blending along the 
line of junction. At the southern end of the central mass the 
slender columns are nearly horizontal; to the left of these are 
slender vertical ones joining the first along a line inclined at 
about 45°, along this they blend in the same manner as at the 
junction of the upper and lower ones. A little farther to the 
left, the system of slender vertical columns comes in conjunc- 
tion with the larger vertical ones. The central mass of small 
columns is further seen to converge to more than one focus, 
three distinct ones lying near the face of the cliff and others 
having been situated a little in front of it. These slender col- 
umns are not straight except near the surface where they are 
in groups of vertical prisms, from which they curve gradually 
to an almost horizontal position. 

Above the heavy columns to the north the small ones lie at 
various angles; those to the extreme right of the central mass 
are partially exposed in nearly horizontal position, their dis- 
tinct forms losing themselves in a confusion of cracks, out of 
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which a little farther on emerge small upright columns more or 
less inclined. The tops of the lower massive columns bend 
away from the central mass just as those to the south, the junc- 
tion of the two systems having been finely exposed quite 
recently. Where the small vertical columns connect with the 
lower ones, the rock is seen to be continuous from one into the 
other. The system of cracks alone changes and most of the 
upper cracks come to an end without causing a line of demarca- 
tion between the upper and lower columns. 

A second and in some respects more interesting exhibition of 
curving and radiating columns is to be seen about a mile and a 
half from that just described, in the Undercliff quarry in Llew- 
ellyn Park near the north gate. The same layer of rock is 
here exposed in a section from 80 to 100 feet high by a cliff 
some 700 or 800 feet long. The lower half is divided by two 
quite regular sets of cracks into broad rectangular masses. 
Less uniform partings in other directions are occasionally no- 
ticed, but no distinct columns have been developed. The 
upper half, on the contrary, is divided into small columns ten or 
twelve inches thick, which radiate downward from foci at the 
surface 50 to 100 feet apart. As many as seven or eight cen- 
ters can be distinctly made out along the face of the exposure. 
The general appearance at a distance is that of a layer of col- 
umnar rock resting upon a massive one, with a well-marked 
line of contact between them, but closer inspection shows that 
no such line of separation exists, the columns coming down un- 
evenly upon the lower mass at all angles from vertical to hori- 
zontal, and the rock of the upper and lower portions passing 
uninterruptedly from one to the other. The apparent differ- 
ence arises solely from the systems of cracks which divide each. 
The best exposure in this quarry is directly back of the stone- 
crusher, where the blending of the upper and lower portions 
can be easily seen. The same columnar structure in converg- 
ing groups is exposed to the north and south of the quarry 
though much obscured by the soil and débris. 

That the upper and lower portions of this lava sheet belong 
to one and the same mass of rock is shown not only by the 
uninterrupted continuance of the rock from the lower mass 
into the more nearly vertical upper columns, specially notice- 
able in the quarry in Llewellyn Park, and to some extent in 
John O’Rourke’s quarry, but also by the mutual accommoda- 
tion of the different sets of columns in the latter place, and the 
fact that along what has been supposed by some to be a plane 
of contact between a lower and upper flow, the columns which 
should then have formed last are not perpendicular to that 
plane, but meet it at all angles. 

The lower massive columns at the southern end of John 
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O’Rourke’s quarry are modified near their junction with the 
smaller ones above in exactly the same manner as the small 
vertical ones higher up are at their junction with the nearly 
horizontal columns. In each case the ends of the two sets 
taper off and curve in one direction, indicating that the forces 
developing one set of columns were affected by those develop- 
ing the other set, giving rise to resultant forces which brought 
the columns finally into parallelism. 

The columnar structure in volcanic lavas is unquestionably 
a cracking produced by the shrinkage of the mass upon further 
cooling after it has consolidated into rock, which still retains a 
great amount of heat. That in every case the mass is solidi- 
fied before it is cracked is shown by the dividing of crystals 
and crystal aggregations lying in the path of the crack, which 
are cut across sharply, the two portions remaining firmly fixed 
in their respective matrices, whether these be crystalline grains 
or glass. In the case of volcanic glasses the columnar parting 
passes through the mass without in the slightest affecting the 
most delicate indication of flow structure, showing that the 
glass was rigid before it was fractured. It is also a fact of 
observation that the direction taken by the columns is perpen- 
dicular to the plane of cooling, often the plane of contact with 
another rock. 

Before entering upon a discussion of the nature and develop- 
ment of columnar structure it will be well to consider the 
process of cooling aid solidification of a molten lava. It is 
well known that a solid crust quickly covers the fluid rock 
after its eruption, and increases more and more gradually in 
thickness as the cooling advances, the fluidity of the mass be- 
neath in like manner decreasing. Owing to the poor conduct- 
ivity of rock the rate of cooling of the inner portion becomes 
less and less as the crust thickens, and the central portion re- 
mains at a high temperature for a very long period, as has often 
been observed; thus the changes in it are far more gradual 
and uniform than they were near the surface. 

When the surface layer of a molten mass consolidates rap- 
idly while the portion beneath is still fluid its contraction will 
meet with little or no.resistance. The more gradual contrac- 
tion of lower layers will be attended with relatively greater 
resistance as the fluidity of the mass beneath becomes less. 
The actual amount of contraction in different parts of the mass 
must also increase with a decrease in the rate of cooling in 
consequence of the greater degree of crystallization attained, 
for the crystalline form of a rock has a higher specific gravity 
than the more glassy form of the same magma and therefore 
occupies a smaller volume. 

The resistance to contraction in the portion of the mass near 
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the surface, under these conditions, will be least in-a direction 
parallel to the surface and greatest in one normal to it, and 
when the limit of tension is reached the resulting rupture 
which takes place at right angles to the direction of maximum 
strain, will be parallel to the surface of the mass. As the con- 
solidation due to surface cooling proceeds inward the resistance 
to contraction parallel to the surface increases at a greater rate 
than that normal to it, a point may then be reached where re- 
sistance in the first named direction will exceed that in the sec- 
ond and the resulting rupture will be perpendicular to the 
cooling surface. 

Hence it so frequently happens that the rapidly cooled, 
upper portion of a surface flow of lava is divided into plates 
approximately parallel to its surface while the more slowly 
cooled mass beneath is cracked more or less vertically. For 
the same reason also the quickly cooled sides of an intrusive 
mass are split into plates by cracks parallel to the contact 
surface, the cracks being closest together nearest the surface, 
where the lateral resistance to contraction has been least. 
These cases of tabular parting, however, must not be con- 
founded with the general tabular parting of many lava flows 
which arises from inherent lamination due to layers of different 
texture or consistency, producing planes of weakness through 
the mass. 

Columnar structure then is found in that part of a lava flow 
which has consolidated and contracted slowly under the influ- 
ence of surface cooling, and the laws governing its develop- 
ment may be reached by considering the origin and progress of 
a crack caused by the shrinkage of a homogeneous mass through 
surface cooling. Starting with a plane surface over which 
forces producing contraction are acting uniformly, the contrac- 
tion produced on the surface of the mass in a given time will 
be greater than that produced at some depth within the mass, 
and will decrease gradually inward. As the contraction pro- 
gresses the limit of tension in the direction of the surface will 
be reached before that in the direction of depth causing a rup- 
ture across the direction of the surface, and as the limit of 
tension for the layer next below is reached it will rupture in 
the same direction as the surface layer did, and so on. The 
direction of the crack will be at right angles to that of greatest 
contraction, or normal to the line of maximum strain. The 
condition of the mass at the moment the limit of tension along 
the surface is reached may be graphically represented as in fig. 
1, the contraction being a maximum in the top layer and 
diminishing successively in each layer beneath to that with 
the initial expansion; the distance of this layer from the sur- 
face being taken as unity the maximum contraction at the 
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moment of rupture will be equal to twice the tangent of a, then 
2 tan a represents the limit of tension and will be constant for 
any given substance. 

As the conductivity of a cooling body is not directly pro- 
portional to the degree of radiation from its surface the differ- 
ence between the contraction of successive layers of a rapidly 
cooling mass will be greater than between those of one cooling 
less rapidly, and what may be styled the angle of contraction 
will be greater in the former case than in the latter. If a cer- 
tain rate of cooling causes a single rupture in a given extent of 


mass, represented in fig. 1, then a greater rate of cooling which 
would produce in the same extent of mass a contraction repre- 
sented by a greater angle, 8, will cause as many ruptures as 
tan 
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over the surface ab, fig. 2, being a maximum at c, the maxi- 
mum strain at the beginning will be in the direction of the 
surface and the cracks will start normal to it, but their progress 
inward will no longer be uniform. At the end of a given time 
the limit of tension reached by a greater force, at f, will be 
farther from the surface than that reached by a less force, at g, 
and the line of maximum strain in this portion of the mass will 
be g’ 7’, to which the crack of parting will be normal. At the 
end of another given time the direction of the crack will be 
again changed, and the same action taking place in other parts 
of the mass will result in a system of diverging and curving 
cracks. 

If the surface from which uniform cooling takes place is not 
plane but warped it is evident that the cracks normal to it will ' 
start in various directions through the mass. 

So far we have considered the shrinkage in one plane only, 
that is in a plane at right angles to the cooling surface. But 
in a homogeneous mass the contractile foree which produces 
cracks at certain distances will exert itself equally in all direc- 
tions over a surface uniformly subjected to the cooling forces, 
and will at the instant of rupture act toward centers whose 
distance apart is dependent on the rate of cooling. If the mass 
is perfectly homogeneous the centers of contraction will be 
disposed over the surface with the greatest uniformity possible, 
that is, they will be equidistant throughout, fig. 3, and the re- 
sultant fractures will be in a system of hexagons; the inward 
progress of these divides the mass into prisms. If from any 
irregularity in the composition or petrographic structure of a 
rock the contractile force acts unequally in different directions. 
The form of the polygons will be less regular. Those most 
commonly found in rocks are quite irregular, adjacent prisms 
having four, five and six sides of unequal size. 

The mutual influence of the forces producing different 
prisms as they approach each other is readily understood from 
the following: take the case of two columns s, 8’, fig. 4, ap- 
proaching one another, and suppose the progress of the max- 
imum strain to have reached ab, a’b’, the forces producing con- 
traction acting through a and a’ will meet and react on each 
other before those acting through 6 and 8’, so that the points of 
maximum strain at the end of a given time will have advanced 
farther along the lines through a and a’ than through 6 and 0’. 
The ines of greatest strain will then be cd and c’d’ and the 
cracks normal to them will take the direction ce and c’e’.. This 
reaction will continue till they become parallel. 

If there were but two columns forming at equal rates they 
would curve symmetrically and continue in parallel directions 
and of constant width, but if one column progresses more 
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rapidly than the other they will no longer curve to the same 
extent and the slower one will curve more than the faster one. 
Instead of two single columns there are always two groups 
approaching one another, fig. 5, and these prevent the continua- 
tion of the columns beyond the curve, pinching them out and 
causing them to taper off as already observed in the quarry 
described. 

The difference in the systems of cracks of the lower and 
upper portions of this lava sheet may then be accounted for by 
a difference in the rate of cooling from the bottom and top 
surfaces. The more frequent fractures arising from ‘the more 
rapid cooling; the two systems proceeding from their initial 
planes until they blend in one another within the mass. If for 
any reason the cooling from one surface should take place 
irregularly and from any point proceed more rapidly than from 
others, it is evident that there would result a set of curving 
columns diverging from this point asa focus. The curving 
and diverging of the upper sets of columns in this locality then 
may be ascribed to differences in the rates of cooling from the 
upper surface, which might be brought about in a variety of 
ways. What were the most likely ones in this instance it is 
difficult to say, since erosion has carried away the top of the 
layer at this place and left us in doubt as to its original condi- 
tion. 

There remains to be considered the subsequent contraction 
exerted in all directions through the prisms into which the 
mass has been divided, for the effect of surface cooling having 
been expended in producing the prismatic cracks, the subse- 
quent contraction results from a still more gradual cooling of 
each of these portions with little reference to the source of 
cooling. The uniform contraction of a homogeneous body acts 
equally in every direction through it, and its effect corresponds 
to the equal shortening of the radii of a sphere of such a body. 
If from a uniform resistance cracking or parting occurs it will 
take the form of concentric spherical shells. If for any reason 
the uniform resistance to the contracting force be counteracted 
by some other force acting in a particular direction the parting 
will no longer be spherical but ellipsoidal, as will be seen from 
fig. 6, where abc represents a section through the sphere along 
the radii of which contraction takes place. A uniform resist- 
ance in the direction of the radii represented by ce’, dd’, etc., 
will produce a parting parallel to the are of the circle c’d’e’, etc. 
If, however, the resistance in a direction parallel to the line ac 
be neutralized by some force, the resistance along the different 
radii will be diminished by the amount of the component par- 
allel to ac in each case, and the resulting fracture will be 
“sehange to the ellipse cb’, the relative tendency to fracture also 

eing indicated by the area dcb’. 
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Such a parting is well developed in the large columns in 
John O’Rourke’s quarry, the major axis of the ellipsoid being 
vertical, as it should be if the weight of the superincumbent 
mass counteracted any resistance to contraction in a vertical 
direction. The shells formed are often quite thin, being one or 
two inches in width. This system of cracks is subsequent to 
the columnar parting, each group of ellipsoidal sunderings be- 
ing confined to a single column, and not extending into adja- 
cent ones. The lower half of most of these spheroidal groups 
appears to have been better developed than the upper half, but 
this may result from the secondary action of frost which would 
be greatest on the cracks retaining most moisture, as those 
curved upwards naturally would. Occasionally the upper set 
of cracks are as well marked as the lower and adjoin the lower 
set of a spheroidal group above. Undoubtedly the spheroidal 
sundering in this instance has resulted from the contraction of 
a cooling mass of rock, but differs from the columnar parting 
in that the latter is the result of progressive cooling from the 
surface of a mass inward, while the former is produced by a 
contraction acting equally in all directions through a mass. 

The cup-shaped jointing of columns so well developed in 
some localities 1s probably a form of spheroidal sundering 
brought out by a resistance to contraction along the length of 
the columns and may curve in either direction as the result of 
particular conditions, the minor axis of the ellipsoid lying in 
the direction of maximum resistance. 

The wavy form of the columns large and small suggests 
irregularities in the mass which disturbed the uniform advance 
of the lines of maximum strain and caused them to deviate 
from parallelism. 

The superficial banding of the large vertical columns b 
nearly horizontal notches or grooves, which produce bands 
three or four inches wide, frequently ends squarely in a way 
which somewhat resembles layers of bricks, as suggested by 
Professor George H. Cook, in his annual report on the geology 
of New Jersey for 1884, where he describes the columnar 
structure in John O’Rourke’s quarry. This banding, however, 
generally continues some distance without interruption, is not 
always horizontal and sometimes curves abruptly, appearing 
more like rude chiseling. The same structure is produced on 
columns of dried starch, it is wholly superficial and seems to 
be simply a modification of the plane of the crack. A cause for 
its development has not yet suggested itself. 

The question of the origin and nature of columnar structure 
in lavas and other substances has been discussed by G. Poulett 
Scrope in his work on “ Voleanos”’ (2d edition, Lendon, 1872), 
who by a somewhat different course of reasoning arrived at essen- 
tially the same conclusions as those reached in the present paper. 
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Robert Mallet, in a paper ‘“ On the Origin and Mechanism of 
Production of the Prismatic (or Columnar) Structure of Ba- 
salt,” read Jan. 21, 1875, and printed in abstract in the “ Pro- 
ceedings of the Royal Society of London, 1875,” also showed 
that the cracking of a shrinking mass which is cooling from 
the surface is quite sufficient to account for all the phenomena 
of columnar structure. He referred the radiation and curving 
of columns wholly to influences arising from the contour of the 
surface of the cooling mass, not taking into consideration the 
effect of different rates of cooling at the surface, which must 
often vary greatly. He explained the cause of cup-shaped 
joints in a manner similar to the one here suggested, except 
that it is not general enough to account for the actual occur- 
rences, since it requires all the cups to bow in the direction in 
which the columns advanced during their growth. 

Professor T. G. Bonney, in an article “On Columnar, Fissile 
and Spheroidal Structure,” read Feb. 23d, 1876, and printed in 
the Quart. Journ. of Geol. Soc., vol. xxxii, p. 140, considers the 
cup-shaped joint a special case of spheroidal parting, and 
adopts Scrope’s and Mallet’s views on columnar structure; he, 
however, considers fissile or tabular parting as an extreme form 
of spheroidal, for, as he points out, a plane surface is the same 
as that of a sphere whose center is at an infinite distance, which 
leads him to conclude that surface cooling of itself is sufficient 
to produce tabular parting, in contradiction to the conclusions 
already adopted that it produces prismatic cracking. This in a 
measure illustrates the fallacy of explaining certain geological 
structures and forms by a course of mathematical reasoning, 
simply because the ultimate forms so derived are similar to the 
geological forms observed, though the latter were not produced 
under the conditions imposed by the course of mathematical 
reasoning, but may have resulted in many cases from wholly 
different or exactly opposite causes. 

As the rock from the quarries just described presents certain 
petrographic features which distinguish it from most of the 
similar igneous rocks in this part of the country, and in a 
measure accord with its lithological structure, a brief notice of 
them is here given. Generally the microstructure of these 
rocks is holocrystalline, formed of lath-shaped, basic feldspar, 
irregular crystals and grains of augite, grains of iron-oxide and 
considerable green serpentine or chlorite, which is disseminated 
through the mass and is evidently the alteration product of a 
fourth primary constituent. It is probably the drying of this 
serpentine or chlorite which after a time gives a greenish color 
to the surface of the rock, which is dark bluish-black when 
broken. The rock from John O’Rourke’s quarry is unusually 
fine grained and dark colored, and parts of it show little if any 
change on exposed surfaces. Specimens collected from the 
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large columns and from different levels of the central mass of 
small columns show almost no macroscopic differences, but 
under the microscope a decided variation is noticeable. In 
most of the thin sections the rock appears but slightly decom- 
posed ; it is not holocrystalline but contains a variable amount 
of glass base, which is more or less globulitic with augite mi- 
crolites having opaque grains attached, besides larger aggrega- 
tions of magnetite grains. There is a comparatively small 
amount of light green serpentine in patches, the larger of which 
still contain fragments of olivine at their centers, the primary 
mineral from which the serpentine has been derived. In some 
places the glass base has been colored green though still iso- 
tropic, while in others it has been devitrified through decom- 
posing agents. 

The rock with the least glass and coarsest grain of crystalliz- 
ation is from the large columns about six feet above the floor 
of the quarry; that at the same level but from the central 
mass of small columns shows nearly the same size of crystals as 
in the first but more glass base. The rock formivg columns a 
foot thick and fifteen feet above the second specimen has some- 
what smaller feldspar crystals and more glass base, in places 
brown and globulitic with fernlike groups of magnetite crys- 
tals. Midway up the cliff the rock shows still more globulitic 
and microlitic glass; and that from ten feet below the present 
upper surface has smaller crystals and rather more glass base. 

The variations from bottom to top of the lava sheet are slight 
but distinctly noticeable, and indicate that the cooling which 
caused the consolidation of the mass was more rapid at the top 
than at the bottom, which corresponds to the subsequent con- 
ditions deemed necessary to produce the different systems of 
columnar cracking. 

This rock is in every way identical with many medium- 
grained basalts, which have been poured forth as surface flows 
in recent times, and should be called basalt, and its coarser 
grained forms dolerite, as Professor E. S. Dana has called simi- 
lar rocks in the Connecticut Valley. (‘Trap Rocks of the 
Connecticut Valley,” E. S. Dana, Proceedings of the American 
— for the Advancement of Science, 23d meeting, 

4. 

The occurrence of the rock in question as a surface flow is 
rendered highly probable by its glassy nature and the disposi- 
tion of the columns, which resembles that of many lava sheets 
in Western America where the irregular cooling may be di- 
rectly traced to irregularities of surface or to local porosity or 
cavities within the mass. Another source of irregular cooling 
may be found in the loss of heat by convection in the atmo- 
sphere, but more especially in water where the flow has been 
subaqueous, 
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ArT. XXXI.—Larval Theory of the Origin of Tissue, by A. 
Hyatt.* 


I HAVE endeavored in the essay of which this is an abstract 
to demonstrate a phyletic connection between Protozoa and 
Méetazoa, and also to show that the tissue cells of the latter are 
similar to asexual larvee and are related by their modes of 
development to the Protozoa just as larval forms among the 
Metazoa themselves are related to the ancestral adults of the 
different groups to which they belong. This is indicated by 
the fact that the tissue cells exhibit highly concentrated or 
accelerated modes of development according to a universal law 
of biogenesis, which has now been found in almost all groups 
of animals. Thus in forms, which stand at the extreme limits 
of groups in point of specialization of structure, or have un- 
usually protected young, or pathological forms with stimulated 
development, in fact, any forms in which stimulative causes 
have acted upon the young so as to bring about an earlier de- 
velopment at the expense of the normal rate of growth, there 
may be observed an abbreviation of the usual series of structural 
characters, which appear in the young of normal forms of the 
same group. The observations of many authors, notably 
Cope, Heckel, Balfour, Weissmann, Packard and Wurtem- 
burger have conclusively proved that examples of abbreviated 
or concentrated development are the results of a constant tend- 
ency in all organisms to acquire characters in adults or later 
stages of larve and then to inherit these at earlier and earlier 
stages in successive descendants; thus finally crowding the 
younger stages until some ancient characters are skipped, some- 
times leaving no record of the derivation of the organism and 
at others only a highly abbreviated record in the earlier stages. 

No bushy colonies of zodns or cells are built up in the 
Metazoa, representing the incompletely divided colonies of the 
adults of Protozoa, except in cases of incomplete segmentation 
of the ovum. These forms are skipped and the complex col- 
onies, which arise by fission, consist of zoons divided by 
distinct walls. The cycle of transformations is not only 
shortened by this omission, but the origin of the reprodue- 
ductive bodies is carried back into the earlier stages in many 
forms, and the rapidity of the processes of complete fission due 
to concentration produces masses of tissue and membranes 

* This article is an abstract of a paper with same title published in Proc. Bost. 
Soc. Nat. Hist., vol. xxiii, 1884, p. 45-163, but has in addition the suggestion 
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in place of loosely connected colonies as among Proto- 
zoa.* 

The many disconnected, wandering cells with their inde 
pendent organization, and functions favor this conclusion, and 
the sight of these and of ova in the mesenchyme of sponges 
and the evidence of their functions here and elsewhere in the 
animal kingdom is sufficient to bring a candid mind to open 
confession of the existence of exact parallelism between them 
and the single, individualized Amoeba. 

These and other morphological facts have led, so far as we 
know, only to comparisons between the ordinary tissue cells 
and the adults of the amcebs, and it has been assumed that 
these cells are the equivalents of the adult amcebe. 

Morphologically this seems to be true, but it does not ac- 
count for the physiological differences between the Protozoon 
and the cell. The ontology of the cell, its production of tissue, 
and the reduction of the cycle of transformations cannot be 
explained unless we attribute to it a concentrated energy in re- 
production and a tendency to form closely united and complex 
associations much greater than that of the Protozoon. 

Thus a single Metazoon is a colony of infinite complexity in 
which the two primitive colonies, ectoderm and endoderm, 
have produced by growth and agamic fission all the anatomical 
systems, and their various organs and smaller parts. 

Studies of reproduction show that the succession of events 
among Protozoa was first growth, then fission, then the union 
or concrescence of divided zoons and an exchange of their 
complementary parts; evidently all of these influences bear 
upon the tissue cell and influence its reproduction. Never- 
theless two cells do not combine previous to reproduction by 
fission, and whatever the effect of the original impregnation 
may be, we are obliged, therefore, to regard a young cell as a 
modified agamic larva-like form or zoon, when compared with 
the full grown Amoeba. If descent from Ameebze, through 
Flagellata and Ciliata is assumed then the task of proving 
young cells to be immature forms becomes easier. In this case 
they are obviously forms, which like the ova of many Metazoa 
have retained their ancient, amceboidal characteristics while 
losing their later acquired flagellate and ciliate similarities. 

We cannot use the words embryo and larva, which belong to 
the ovum after impregnation, and we, therefore, propose to des- 
ignate the cell an autotemnon,t in contrast with the embryo, 
which is more specialized. The least specialized tissue cells of 


* The net work of protoplasm connecting tissue cells is disregarded ig order 
to show the massive nature of tissues and at the same time state their character- 
istic cellular composition, 

+ From self, and to divide. 
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the mesenchyme differ less from the individualized agamic 
zoons of the Protozoa, while the spermatocysts, as more highly 
specialized, encysted male zoons, retain the cycle of agamic 
transformations derived from their male Protozoonal proto- 
types, and are intermediate to the encysted female zoon or 
ovum. 

The spermatocyst, in other words, is not dependent upon im- 
pregnation for its development, and has necessarily retained 
‘more of the characteristic, successive transformations of the 
primitive agamic forms than the ovum. This last has become 
dependent upon impregnation. The tendency to earlier and 
earlier impregnation in successive generations, and the correla- 
tive concentration of autotemnic stages, as shown by the 
fission of the nucleus and exclusion of the polar globules, has 
finally established the ovum as a more highly specialized form 
of cell. 

The conditions of fission in the cyst of a Protozoon, and 
in the ovum and spermatocyst are similar as long as the zoons 
or cells are all similarly confined, but when they burst the en- 
velope and become free, the surrounding conditions differ and 
they correspondingly diverge. 

The early encystment of the ovum, the non production of 
the colonial form by incomplete fission, the dependence of the 
feminonucleus upon impregnation, and the great rapidity and 
extensive character of the changes by which the diploblastic 
parenchymula and triploblastic gastrula are built up, all show 
the excessive concentration of development which has taken 
place, when any blastula is compared with the corresponding 
forms among the Volvocinz. ‘There is also a distinction be- 
tween the mode of development of the Volvocine, and the 
lower Protozoa which has, we think, great significance. They 
have prolonged gestation and this can be compared with the 
similar prolongation of the corresponding period in the early 
inception of the ovum in the Metazoa. 

They are, however, necessarily only single cells. The whole 
process of segmentation occurs under conditions which effectu- 
ally protect the earlier stages in the higher Protozoa, and in all 
the Metazoa, but, as might have been anticipated, the more 
specialized Metazoon elaborates at once and within limits of 
this early egg stage a fully formed colony, the blastula, 
whereas the highest and most specialized of Protozoa get no 
farther than the production of single ova and spermatocysts* 
or the earliest stages of segmentation during the same period. 


* For results of protection in producing concentration of development see 
Genesis of Planorbis at Steinheim, Mem. Bost. Soc. Nat. Hist., I Anniv., 1830- 
1880; Fossil Ceph., Mus. Comp. Zool., Proc. Amer. Assoc. Adv. Sci., vol. xxxii, 
p. 32, also Balfour’s Comp, Embryol. 


| 
| 
| 
| 
| 
| 


A. Hyatt—Larval Theory of the Origin of Tissue. 335 


The adult condition of Eudorina or Volvox in other words is 
a permanent morphological equivalent of the blastula stage in 
the ovum of a Metazoon, and a spermatocyst holds a similar 
relation to the encysted reproductive stage at the terminus of 
life in an Amoeba. It, however, occurs at the beginning of 
life in this specialized male cell among Metazoa. The sperma- 
tozoa also which are produced by fission of the nucleus resem- 
ble the young of the Amcebinz and many other Protozoa in 
form, but have through earlier inheritance of characteristics 
acquired the functional power of the adult male Protozoon, 
and are, therefore, as compared with Protozoa, to be estimated 
morphologically and functionally as microgonids with highly 
concentrated development. In no other way can we account 
for the premature exhibition of power shown by these forms in 
seeking out the egg, and forcing their way into the vitellus. 
Ultimate union with the female nucleus of the ovum by pas- 
sage through the vitellus is quite distinct. It has appeared to 
us to be like concrescence in low forms an exhibition of mutual 
attraction which indicates affinity, and like all sexual processes 
a vital attraction of greater intensity than mere fusion by 
growth and in no way attributable to accident. The habit 
may have sprung from the habit of concrescence, just as we 
can only imagine all sexual processes as springing originally 
from concrescence through its transformation into a habit pre- 
paratory to reproduction by division as among Myxomycetes. 
Crinkowski considers concrescence to have originated from the 
habit of feeding and the results of concrescence, reproduction 
by fission, as a function due to the same causes and having the 
same results as assimilation (Archiv. Mik. Anat., vol. ix). 

There is a gradation in the stages of development of the 
ectoderm, endoderm and mesenchyme in the sponges which 
show they have retained the ancestral protozoonal character- 
istics in some cells more than in others. Thus the ectodermic 
cells in all the Porifera become permanently transformed into 
flat epithelial cells losing their feeding organs, the collars and 
flagella, whereas the cells of the endoderm in some forms, such 
as the Aseones, probably never lose these organs at all, and in 
others lose them only transiently at certain stages or only lo- 
cally on the walls of the archenteron in the intervals between 
the diverticula (primitive ampulle).* 

In the mesenchyme of sponges the cells have been subjected 
to fewer changes and they preserve their ancient amoeboidal 
forms unaltered. The comparatively great change in the evo- 
lution of the group probably took place after the transfer of 

* Von Lendenfeld (Austral. Sponges, vol. ix, pl. 4, Proc. Linn. Soc. N.S. Wales, 


pl. 64-65), describes Homoderma sycandra as having these cells equally distributed 
all over the endoderm as well as in the single ampulle. 
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the principal seat of assimilation from the endoderm to the 
mesenchyme. This transfer possibly occurred during the genesis 
of Sycones, and other higher forms. 

The researches of Saville Kent among Protozoa have shown 
that the collar and flagellum are feeding organs and we must 
imagine them as having a similar meaning in the internal cav- 
ity of Ascones, the lowest forms of sponges. 

When we consider the whole series of transformation of the 
ovum it becomes apparent, that it is at first an autotemnon 
having the amoeba stage well and clearly developed. The 
ovuin develops parallel with the spermatocyst through the period 
of division of the nucleus into two parts, the masculonucleus 
and the feminonucleus. We have tried, in common with some 
other authors, to show, that the masculonucleus is probably 
thrown off in the polar globules during a process of agamic 
division of the nucleus and that these are the homologues of 
the masculonuclei excluded from the spermatocyst after having 
been transformed into spermatozoa. 

The remarkable essays of Professor Ed. Vau Beneden on 
the bisexual nature of the nucleus are the only embryological 
writings which produce the proofs of this hypothesis in illus- 
trated form. This author (Fecund. Maturat. de L’ceuf, Archiv. 
de Biol., tom. vi, 1883) advances precisely similar views to 
those of Dr. Minot, and shows the phenomena of fecundation 
and the double composition of the maritonucleus in a series of 
remarkably clear illustrations. Van Beneden claims to be the 
discoverer of the bisexual composition of the nucleus of the 
ovum and refers to his paper of December, 1875 (Bull. Acad. 
de Belg., vol. xl, 1875) as containing the first statement of his 
discovery. Though not pretending to forestall the judgment 
of those better qualified to decide the merits of these claims, 
we find that Professor Van Beneden was the first to announce 
the basal facts of the bisexual theory, but that he did not give 
all of the essential conditions of the phenomena of conjuga- 
tion between the male and female parts of the nuclei in his 
first paper. This author in the work just cited (p. 700) 
suggests that the peripheral pronucleus is probably partially 
formed of spermatic substance, that the central pronucleus is 
female and that the segmentation nucleus is a compound body 
resulting from the union of these two, and is, therefore, proba- 
bly bisexual. This statement includes all the basal facts of 
the genoblastic theory, with, however, two important excep- 
tions. It omits any notice of complementary behavior or func- 
tions of the useless parts of nuclei in both the spermatocyst 
and ovum. This essential condition of the conjugation of the 
nuclei does not seem to have been elaborated by Van Beneden 
until 1883, long after the appearance of Dr. Minot’s paper. 
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Dr. Minot (Proe. Bost. Nat. Hist., vol. xix, p. 170) proposed to 
name the original bisexual nucleus “genoblast,” the female 
part, “arsenoblast,” and the male, “thelyblast,” and these 
terms have precedence of those we have advanced, or of those 
proposed by Van Beneden, but we have preferred to use names 
which retain the word nucleus, as more expressive of the true 
relations of derivative nuclei. 

If this is true the occurrence of this process of excluding the 
masculonuclei in the ovum during the agamic stage exhibits 
an earlier inheritance of a characteristic which in the Protozoa 
occurs only after and as a result of impregnation, except possi- 
bly in some of the more specialized Flagellata and Ciliata, 
where the existence of spermatocysts and spermatozooids leads 
one to anticipate a corresponding differentiation. The female 
zoon certainly appears to be in reality an ovum, and to develop 
like one into a blastula as pointed out by Butschli. 

This view includes some results worthy of attention. The 
concrescence of Protozoons, as in cases cited by Drysdale and 
Dallenger, and in some plants where the whole contents of one 
pair of cells, or more than one pair of cells, are mingled together, 
is asexual conjugation, but not sexual conjugation. The latter 
occurs only by the exchange of differentiated parts of nuclei, 
or between the larva-like spermatozoa and the complementary 
part of the nucleus in the ovum. Thus such forms as Eudorina 
and Volvox might be called, on account of their morphology, 
Blastrea, and could, because of their mode of reproduction and 
the existence of but one layer in the body wall, be appropriately 
designated as true Mesozoa. 

With regard to the meaning of the early stages of the ovum, 
we come nearer to Butschli (Morph. Jahrb., 1884), than any 
other author, and regard his placula theory as opening a way 
far more promising than any so far proposed. This author, 
however, voluntarily rejected the aid of the sponges in his 
arguments, under the erroneous impression that they were Pro- 
tozoa and holds an essentially distinct idea of what the placula 
is. The embryo of the Calcispongian is, according to our 
opinion, a single layered placula or a Monoplacula, and directly 
comparable with the undifferentiated flat colonies of Protozoa 
which are more primitive than the Blastula form and represent 
the simplest condition of an autotemnic colony of Protozoa, 
like Desmarella of Saville Kent, though not possessed of cilia 
at this stage and therefore more nearly perhaps representing a 
mass of amoeboid forms. 

The formation of the apical or esoteric cells of the upper 
layer from the cells of the Monoplacula transforms this stage 
into a diplopiacula, the older or basal cells becoming our exo- 
teric cells. True ectoblastic and endoblastic cells first appeared 

Am. Jour. Sc1.—Tuxirp Series, VoL. XXXI, No. 185.—May, 1886. 
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during the gastrula stage, and are supposed to be identical with 
the differentiated cells often found in the blastula and placula. 
But in both of these last they are in distinct association and 
correlate with distinct forms and should be considered as sim- 
ply exoteric and esoteric cells. They are not true ecto- or 
endo-blasts until they assume the relations of an external and 
internal layer as in the gastrula stage. The absence of the pla- 
cula in many forms may be explained as due to concentration 
of development. The protected conditions under which the 
ovum originates makes the constant retention of the placula 
unnecessary and favors the earlier inheritance of the morula, 
or mulberry stage; in fact, any quickening of the processes of 
growth would bring about this change and the morula stage is 
only a heaping up of cells into a more massive colonial growth. 
The rounded globular forms of the morula would thus replace 
the placula earlier in the life of the embryo and occasion its 
disappearance in more highly specialized forms, as in the Car- 
neospongia. 

This theory is apparently very similar to that of Butschli so 
far as relates to the origin of the placula, but differs in making 
the morula an important stage of the evolution of forms and 
in insisting upon the placula as primitively monoplaculate 
and only secondarily diploplaculate. Butschli’s placula is in 
reality a later stage, a specialized flattened stage of an embryo 
Metazoon. 

Butschli — out the resemblances of the embryo of Cu- 
cullanus, Rhabdonema, and Lumbricus to the placula, and the 
apparently primitive mode of forming the segmentation cavity 
in the latter by the separation of the two layers is also given 
in detail by him. Butschli also consider the Trichoplax ad- 
herens of Schultze, as a living illustration of a full grown, 
primitive, form. 

We ought to find primitive stages in the embryos of a prim- 
itive type and this is eminently the case with Porifera. We 
aeak anticipate the opposite with a higher type like the 
worms or any metameric animal and this appears to be borne 
out by what Butschli brings forward in support of his theory. 

In Cucullanus the earliest stages are rounded, and we cannot 
agree with Butschli, that the flattened form which follows this 
is a primitive placula, or diploplacula. The primitive placula 
is a single layer which becomes double or diploplaculate and 
in both stages must precede the morula, and cannot succeed 
this stage. It will be seen by our remarks above that the 
esoteric and exoteric differentiations would have occurred nor- 
mally before the morula stage in the placula of Cucullanus, or 
else in fusion with it and therefore the double layered placula 
of Butschli would be necessarily a flattened morula in which 
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the two layers had already been formed. The relations of the 
planula stage in Cucullanus and Lumbricus to the gastrula also 
indicate, that it is simply a modification of the morula stage, 
and not comparable with the earlier premorula stages of the 
embryo. The formation of the gastrula in Cucullanus is a 
beautiful example of extra growth of the octoblast, as has been 
pointed out by Balfour, and in this and in Lumbricus a true 
embolic gastrula is formed by this process which is not more 
primitive than that which occurs in the Ctenophore or Tubul- 
ari. The gastrula in other words is formed according to a 
highly concentrated secondary mode of development, and not 
by primitive or simple processes. We should, therefore, even 
while adopting Butschli’s theory, decline to accept his typical 
examples as true illustrations of the theory, and hold rigidly 
to the law of succession in the stages of the embryo for justifi- 
cation of this position. 

We cannot give a better illustration of what we mean by a 
monoplaculate embryo than Hatschek’s Amphioxus in the four- 
celled stage,* nor of our diploplacula than the same in the 
eight-celled stage, when the cells of the esoteric layer are first 
differentiated, which occurs even before the two poles of the 
embryo become closed and long previous to the stage when the 
blastula is formed. 


Immediately after the mE pp stage the ovum of 


Porifera and Amphioxus, as well as some other types, presents 
a stage during which it is a tube open at both ends. The 
hereditary significance of this stage indicates a tubular ancestral 
form through which water would freely circulate, and this 
strengthens our position with regard to the meaning of the 
aula of the blastula. 

The central cavity of the blastula stage, the so-called Proto- 
gaster of Heckel, connects with the exterior by a blastulapore, 
the “ Protostoma” of Heckel, which is normally closed later 
in the growth, but remains open for long periods in some 
sponges, as may be observed in the figures of Sycandra raph- 
anus, and in the larva of siliceous sponges, as in the embryos 
of Halichondria and Tethya. The assumption, that such a 
primitive cavity necessarily originated as a gastric cavity, seems 
improbable. 

The prototype of this cavity, the aula, must have first ap- 
peared as a central hollow in a moving colonial form of Proto- 
zoa, simply as a mechanical necessity of the habits and mode 
of growth, and might have been useful as a float, but was 
probably not a gastric cavity, but on the contrary similar in 
every way to the internal cavity of the Volvox blastula. The 
additional advantage of the possession of such a hollow in en- 


* Arbeit. d. Zool. Inst. d. Univ. Wien, Claus, iv, hft. I, pl. I. 
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abling the cells to use both sides instead of one, and to perform 
the functions of respiration, ingestion and excretion more com- 
pletely is obvious. The growing of the cells of the ovum into 
a hollow sphere, the blastula with its blastulapore opening ex- 
ternally, is described by Butschli as essentially similar to the 
growth of the adult floating spherical colonies of Volvox and 
Eudorina from a single zoon by fission. This author (Bronn’s 
Thierreichs, Protozoa, p]. 45) gives a series of figures illustrat- 
ing the development of the asexual zoons of Volvox which 
fully substantiate his comparisons, and, together with Carter’s, 
show that the closest camparisons may be made between the 
early stages of the ovum and those of all forms of Volvox, 
which is an open blastula like that of some Porifera before it 
leaves the parent colony and becomes free. 

All of these comparisons seem to be much opposed to Butschli’s 
supposition that the primitive cavity of the blastula originated 
from a separation of two layers rather than as a stage of devel- 
opment from one primitive layer and the formation of an aula. 

In order to account for the differentiation of the esoteric cells 
we have imagined them, as necessarily by position feeding 
cells in the ancestors of the diploplaculate stage. In the free 
morula and closed blastula the same cells or their more modified 
descendants would tend to retain similar functions. The differ- 
entiation of the poles would occur in this blastula form accord- 
ing to the same law, as is observed in the higher animals, and 
the tendency already initiated of the zoons of one pole to be- 
come exclusively feeding zoons would be increased by more 
frequent contact with food, and by being constantly occupied 
in the act of ingestion. The differentiation of the cells having 
been thus established and kept up by a continuance of similar 
habits, and the aula correlatively developed, we should ‘have a 
free moving form with the cells at one pole feeding cells, and 
at the other probably more efficient as respiratory cells. These 
last need not be necessarily inefficient as feeding zoons, but 
might have remained quite capable of this office, as well, also, 
as that of developing flagella for moving the body, and in fact 
resembling in aspect and structure what we actually find in 
the amphiblastula of some sponges. We here claim for the 
exoteric or ectoblast cells, that their possession of collars and 
flagella implies the existence of powers of ingestion. We 
think the negative evidence, adduced by Metschnikoff and 
others, with regard to these cells in the embryos of sponges is 
entirely inadequate to prove anything except the fact that they 
have not sgen them actually feeding, and do not weigh against 
the observed functions of the collars and flagelli of the Flagel- 
lata, especially the positive and convincing proofs brought 
forward by Saville Kent. 
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The Parenchymula is a recently discovered stage of the 
embryo immediately succeeding the closed blastula. The eso- 
teric cells differentiated during preceding stages have been 
found, by several authors, to quit the exterior where they 
originated and wander into the interior where they presumably 
give rise to the endoblastic cells subsequently found there. 

A differentiated colony, like the amphiblastula with the cells 
at one end becoming better fitted to take in food, could be trans- 
formed into a parenchymula by the migration of differentiated 
feeding cells into the interior and the Parenchymula could 
thus have been transformed into a true gastrula. There are no 
living forms, so far as we know, with weich the Parenchymula 
can be compared, and its probable meaning has already been 
indicated by other writers, especially by Metschnikoff, namely, 
that it implies a radical form in which the mesenchyme has 
arisen as u primitive mass by delamination. 

The inwandering of the esoteric cells of the parenchymula 
might be reasonably assumed as in part due to pressure. This 
appears to be a primitive mode of forming the endoderm as 
stated by Schmidt and Metschnikeff, and therefore, we should 
have to consider pressure as simply a possible cause aiding the 
tendency to inwandering, as it appears in the habits of these 
cells of the parenchymula. It is possible that this tendency 
was derived from ancestors in which a primitive invagination 
appeared as a later characteristic of the development, due to 
excess of growth in peripheral parts and that the same con- 
ditions of growth a pressure would continue to be present 
in the similar parts of the young of descendent forms as long 
as the surroundings and habits were sufficiently similar and 
did not interfere with hereditary tendencies. Thus we should 
have to regard the habit of inwandering of the esoteric cells 
as giving rise to the primitive endoblast, and this last as a 
permanent stage preceding the transient gastrula due to invagin- 
ation. The continued action of the same cause as gave rise 
to the tendency to inwandering, namely, the pressure occa- 
sioned by the rapid multiplication of external cells by growth 
and the action of heredity would secure this result. : 

The fact that the esoteric hemisphere is an excessive peri- 
pheral outgrowth of cells in the amphiblastula is in perfect 
accord with the successive stages in the development of pits, 
and minor invaginations of the ectoderm. These are univer- 
sally in their primitive stages peripheral outgrowths of the 
outer membranes, which form primitive hollows and then these 
cups become hereditary invaginations in the embryos of de- 
cendent forms, The formation of stomodea and other ectoder- 
mic invaginations can thus be accounted for as in every way 
parallel to formation of the gastrula, and due to similar causes. 
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The invagination of the endoblast in the ordinary form of 
the gastrula is immediately accompanied and caused, according 
to Whitman, by pressure arising from the unequal growth of 
the hemispheres. The pressure on the endoblast after invagi- 
nation is shown by the forms of the cells, which become elon- 
gated along the middle part of the cup, as in the well known 
case of Amphioxus described by Kowalevsky, and many ex- 
amples by other authors. The growth and excess of pressure 
is also evinced in the elongation of the planula and the ten- 
dency of the at first broad blastopore to close up to a narrow 
opening by growth of the ectoblast. The usually columnar as- 
pect of the ectoblastic cells of the planula, their longest axes 
being radial, or at right angles to the direction of the pressure, 
is also favorable to this theory. These cells may be attenuated 
in Porifera at this stage (Barrois, Epong. de la Manche) so as to 
assume an almost linear aspect under low powers of the mi- 
croscope. We feel obliged to join those authors who regard 
the planula stage as an abbreviated form of the gastrula possi- 
bly directly derived from the epibolic gastrula. The succes- 
sion of the stages is first a peripheral outgrowth increasing 
continually the diameter of the amphiblastula, then invagina- 
tion, then peripheral growth of the ectoblast, followed by elon- 
gation of the planula and contraction or obliteration of the blas- 
topore. Heredity in these cases seems to be subordinate to 
growth, but this we think is due to the necessarily identical 
action of these inseparable forces. Heredity and growth are 
also necessary in order to account for cases of epibolic gastrulz, 
as well as for the existence of the planula. The action of hered- 
ity in the planula is obvious, but in the transitional epibolic 
gastrula the obvious mechanical action of growth still interferes 
with the clear perception of the influence of heredity. The 
growth of the ectoblast cells is so rapid in the last named, that 
the endoblast cells become inclosed as in the Ctenophore, and 
the gastrula is formed by a process much shorter than is usual 
in embryos of the embolic type. 

In a planula we can see very clearly that some other force 
in addition to growth has been at work, and that, whether we 
adopt Lankester’s hypothesis or some other, we are equally 
obliged to call in the aid of heredity in order to explain the 
hidden steps by which the embolic gastrula has been transformed 
into this concentrated form of development through the epi- 
bolic gastrula as an intermediate stage. 

Keller (Anat. und Entwickel. einiger Spong. d. Mittelmeers, 
Basel, Georg, 1876), has given the fullest illustrated account of 
what we have, in common with Metschnikoff and Schultze, 
called the transient gastrula of the Calcispongiz. A recent 
perusal of this interesting paper has suggested that there is 
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probably no better field for the study of the effects of pressure 
upon cells than in these cases of transient invagination. It is 
possible that the invagination stage may be traceable directly 
to excess of growth in the ciliated cells and their subsequent 
evagination as outgrowths to the reversal of this process, and 
at any rate the field is a very promising one in this direction. 

We have also noted in our original essay the probability, 
that the medullary fold was primitively a stomodeal invagina- 
tion due to extra growth, and we are able to quote in this con- 
nection an observation of Dr. Hatschek’s in addition to those 
of Kollmann and Gardiner. 

Dr. Hatschek (Arb. Zool. Inst. Wien, vol. iv, 1881, pp. 45- 
48) attributes the origin of the primitive segments and other 
changes of form in the embryro of Amphioxus to the growth 
and energy of cells. He explains the origin of the medullary 
plate by differentiations in the cells caused by the extra-growth 
of the neighboring cells of the ectoderm, and attributes the rise 
of the ends and final inclosure of the neural canal to lateral 
outgrowths due to the same ca ise.* 

The general presence of the different forms of the gastrula, 
including the planula, indicates, as we have tried to show 
above, that Heckel was right in supposing that these stages in- 
dicated common ancestors for the whole animal kingdom. To 
this we have also joined the Architroch of Lankester, imagining 
in common with this author, a very ancient origin for the circles 
of cilia around the blastopore of the primitive gastrula-like 
ancestors of the Invertebrata. 

The history of the structural transitions through which the 
layers of the body pass in their subsequent history sustain the 
view that the Porifera are the lowest type of Metazoa. The 
endoderm and ectoderm reach a highly differentiated stage and 
appear as flat epithelial membranes, but the middle layer re- 
mains a mesenchyme containing, as stated by all authors, the 
reproductive bodies of both sexes. The appearance of sperma- 
tozoa and ova indifferently in the same animal shows, that en- 
tire separation of the sexes does not take place so far as now 
known, among Porifera. It is not yet established, that cross 
fertilization occurs in any form, though there is as yet no 
grounds for the positive assertion that it does not occur. The 
history of the early stages exhibits a larval form in which the 
interior is solid for a certain period and the mesenchyme plays 
a much more important role than in any other branch of the 
animal kingdom, as might be anticipated from the adult condi- 

* See also His, “Unsere Kérperform,” 1875, pp. 60-61, 83 and 178, who has 


essentially the same idea of the relations of growth of cells and development of 
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tion and importance of this layer in the morphology of the 
group. 

We have also tried to show that the general morphology and 
development indicated the gradual evolution of series of forms 
from a type similar to Ascones but without a skeleton, which 
we have considered directly comparable, as stated by Heckel, 
with the gastrula. During this evolution the mesenchyme be- 
came more and more important, and as a result of its thicken- 
ing the habit of budding was more or less suppressed so that 
the higher types must be considered as individuals with a 
highly plastic form, liable to excessive outgrowths, but not as 
branching Metazoons. The archenteron also remains persistent 
throughout life, gives rise to simple diverticula, or, in forms with 
thick mesenchyme, diverticula themselves form branching tubes. 

The fact that no internal column or body cavity is formed, 
in spite of the opportunity offered by the increasing thickness 
of the mesenchyme is very significant. It is not yet established 
that the mesenchyme does receive some additions in course of 
its growth from the endoderm and ectoderm, but so far as the 
histology is now understood it is doubtful. 

In other words the Porifera are intermediate with regard to 
structural composition between primitive larval individuals, 
like the free larve of all colonial types, and the differentiated 
colonies which arise from such primitive individuals after they 
become attached, as in the Hydrozoa. They contain all the 
elements necessary for the formation of complicated colonies, 
but in consequence of the less differentiation of the mesenchyme 
their primitive individuality is maintained and the processes of 
budding take place internally and externally without perfect 
correlation. That is, the exterior has outgrowths and so has 
the archenteron, but these are not strictly coincident and pro- 
duce true buds only in forms with thin mesenchyme. 

The evidence in favor of the opinion that the diverticula or 
Ampullz are strictly homologous with the archenteric diver- 
ticula of all other animals is very strong. The young have no 
diverticula until the ampullinula is formed and this correlates 
with the absence of these organs in the adults of the lowest 
type, Ascones. These facts among sponges seem to be in ac- 
cord with the history and development of the diverticula 
among Hydrozoa and Actinozoa, and leads to the conclusion 
that in all of these three types the diverticula are homoplastic 
organs, and not found in the lowest forms of these groups or 
in the early stages of development of the normal forms. 

The considerations we have presented above have, therefore, 
a direct application to the results of the work done of late 
years by Semper, Dohrn and others in tracing the origin of the 
vertebrata to some worm-like type. The whole of this evi- 
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dence hangs necessarily upon the probability that the somites 
of the embryo of Amphioxus imply descent from a segmented 
animal; whereas, if we are correct, exactly the opposite view 
may be considered as the more probable; and the very close 
comparisons made by Semper between what he considers homo- 
genous organs and parts in Vertebrata and Vermes can only be 
considered as evidence of the production of homoplastic effects 
by means of similar modes of growth and the similar habits 
of elongated and necessarily bilateral animals. 

We have objected to the theory that the Vertebrata may be 
considered as descended from a Ccelenterate ancestor because 
the actinostome probably arose independently and very late in 
the phylogenetic history of the Hydrozoa, and undoubtedly 
arose independently in the Porifera. A stomodeum as it ap- 
pears in the ascula stage or in a sycon or ascon may be a single 
opening not due to invagination, merely an enlarged pore or 
outlet. The cloaca of the more specialized sponges is first an 
outgrowth of tke peripheral parts which becomes inheritable 
and causes the appearance of the ectoderm as a lining layer ex- 
tending to an indetinite depth into the interior. A stomodeum, 
also, does not exist in most of the Hydrozoa except in the 
primitive shape of an outgrowth, the hypostome, which is the 
homologue of the internal actinostome of the Actinozoa. 
These facts and the late stage at which it arises in the Actino- 
zoa, during the gulinula stage, shows us that so far as these 
types are concerned it is an independent and homoplastic organ 
in all of them. 

There are no exact comparisons between the embryos of 
Ascidia and Amphioxus and those of the Invertebrata which 
seem to include any stages later than the planula. Those that 
have been traced between the mesoblastic somites indicate 
homoplastic organs, and seem to have no phylogenetic mean- 
ing so far as the whole of the Vertebrata are concerned. The 
distinct modes of development of the anterior invaginations of 
the Vertebrata show that they had a different origin from the 
anterior tube of the actinostome, and cannot be considered 
homogenous with that organ in the Coelenterata. The medul- 
lary invagination is at first a stomodeum arising as a funnel 
around the blastopore, and then spreads forward in the shape 
of two folds, which subsequently form a tube, and it is proba- 
ble that the notochordal tube, and the lateral differentiations of 
the archenteron may have had a similar homoplastic simplicity 
of structure. 

The development in Ascidia of the notochordal cells and 
muscle cells from the walls of the archenteron invite the sug- 
gestion that no true diverticula exist in this type. That the 
lateral muscles might have arisen as entirely disconnected and 
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more primitive structural elements than the ccelomata is shown 
by Kowalevsky’s work on Cassiopea already quoted (Soc. 
Friends of Nat. Hist., etc., Moscow, pl. II, f. 10-13). In this 
Hydrozoon, portions of the archenteric walls grow out and be- 
come directly converted into muscles, but no ccelom is formed. 

The notochord may have primitively originated as a tube, 
but connections with the hypophysis seems to be a necessary 
condition of this theory, and though this is highly probable, 
it is not proven. The homoplastic origin of the notochord, 
when explained in this way, agrees with the subsequent origin 
of segmentation in the vertebree as suggested by Cope. These 
facts and agreements in theory render it highly probable, that 
the whole phenomena of segmentation as shown in the distri- 
bution of the muscles themselves, the appendages, and internal 
organs including even the primitive somites may have arisen 
independently in the Vertebrata in response to the simple me- 
chanical requirements of motion in elongated bodies. Herbert 
Spencer in a treatise much neglected by naturalists (Prin. Biol., 
Am. Ed., 1871, vol. ii, p. 199), has clearly shown that the 
origin of the notochord and of segmentation of the vertebre 
and muscles may be attributed to muscular strains, and our 
speculations though entirely independent cannot lay claim to 
any original merit. 

Our results are similar to those of Heeckel so far as they dis- 
tinctly point to the gastrula and planula as the earliest stages 
which have a general genetic meaning for the Metazoa and 
show that these indicate a stock form for the whole of the Meta- 
zoa. The clear distinctions between the type-larval stages in 
different branches of the animal kingdom and the fact, that the 
type larval stages make their appearance invariably after the 
planula or gastrula, and never under any conditions break this 
natural succession, give strong support to this opinion. 

It is possibly premature to say that no one type can be 
claimed to have descended from any other, but the Porifera, 
Hydrozoa, Actinozoa and Vertebrata appear to us entirely in- 
dependent of each other. It is also very suggestive that two 
so closely allied groups as the Actinozoa and Hydrozoa, can 
be considered as homoplastic types and that many examples 
have been brought forward by the author and Professor Cope* 
among Cephalopoda and Vertebrata, where smaller and more 
closely allied groups, orders, families and genera show the same 
phenomena and are plainly homoplastic with reference to the 
origin of many important characteristics of structure. These 
results sustain the opinion that homogenous characteristics are 

* Cope, who first pointed out these relations in the same sense as Lankester 


used the terms “homologous” for homoplastic and “heterologous” for homo- 
genous. 
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frequently so similar to purely homoplastic characteristics, that 
it is not safe to consider any characteristics occurring in distinct 
groups as homogenous until their phylogenesis has been traced 
or their comparative embryology is fully understood. 

The hypothesis of the common, but independent origin of 
types is also supported by all collateral evidences. The results 
of paleontologic research have carried back the origin of dis- 
tinct types farther and farther every year. It is now estab- 
lished, that there was an excessively sudden appearance of vast 
numbers of forms in the Cambrian or perhaps earlier as claimed 
by Professor Marcou and others. 

We have applied this specific statement as a generalization 
to the history of smaller groups of fossils in several branches 
of the animal kingdom and in many formations, and have 
found that the sudden appearance of the smaller groups occurs 
according to the same law. 

There is an obvious plasticity in the animals which first make 
their appearance in any unoccupied field, or at the beginning of 
any new formation, which reminds one of the plastic nature, of 
the most generalized type of Metazoa, the existing Porifera. 
The generalized types, which always occur first in time, ex- 
hibit like sponges exceptional capacity for adaptation to the 
most varied requirements of the surroundings, and all of the 
conditions of the new period or habitat by the rapid develop- 
ment of numbers of suitable and more highly specialized 
forms, species and genera. 

The whole picture as presented by morphology, embryology 
and paleontology favors the hypothesis we have previously 
advanced in other papers, namely, that the early geologic his- 
tory of animal life, like the early stages of development in the 
embryo was a more highly concentrated and accelerated process 
in evolution than that which occurred at any subsequent 
period of the earth’s history. 

The history of the Porifera and higher Protozoa suggests 
also that the evolution of the Metazoa may have occurred 
more rapidly than we can now calculate. One of the great 
errors of the present day is the assumption that such changes 
and transitions occurred slowly and gradually; and it is evi- 
dent that this assumption is based almost wholly upon inves- 
tigation of the more highly specialized animals in which the 
capacity for change may be reasonably considered as very 
much less than in their more generalized and embryonic ances- 
tral forms, 
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ArT. XXXII.— Cretaceous Metamorphic Rocks of California; by 
GEORGE BECKER. 


IN the course of an investigation of the quicksilver deposits 
of California, which will form the subject of a monograph of 
the U.S. Geological Survey, the crystalline and serpentinoid 
metamorphic rocks of the Coast Ranges have been subjected 
to an elaborate examination. As the complete report can 
hardly be distributed in less than a year from the present 
time, it appears expedient to print an abstract of the results 
obtained, but all detailed proof of the statements made will be 
deferred until the final publication. 

The chemical analyses connected with the examination 
have all been performed by Dr. W. H. Melville, the field 
work was performed by Mr. H. W. Turner and myself 
together, and the microscopical examinations were made 
jointly by Mr. Waldemar Lindgren and myself. 

The field studies were made at very numerous points from 
above Clear Lake to the region of New Idria, thus partially 
covering a belt of the Coast Ranges of a! out 230 miles in 
length. Throughout the whole region there is structural and 
lithological evidence that the sedimentary rocks are underlain 
by granite of very uniform character, and, wherever they are 
inconsiderably modified, the slides prepared from them show 
that they are directly or indirectly derived from granite, or, in 
other words, that they are arcose. Of this material of known 
origin a portion has been highly altered. The alteration- 
processes to which it has been subjected are identical from one 
end of the region to the other, and innumerable transitions are 
presented. It is difficult to estimate the area occupied by the 
metamorphic rocks of the Coast Ranges, because the occur- 
rences are of very irregular shape. A moderate estimate of 
the exposures between Clear Lake and New Idria, which con- 
sist of holocrystalline metamorphic rocks, sandstone in which 
recrystallization has made considerable progress, phthanites 
and serpentine, is 3,000 square miles. Large areas covered 
by late Cretaceous and Tertiary strata are also known to be 
underlain by metamorphics, and this series is known to extend 
far to the north and to the south of the limits indicated without 
substantial change in character. The study is thus not one of 
mere recrystallization, but of regional metamorphism of irreg- 
ular intensity and therefore the better fitted for investigation. 
The age of the altered beds is known from direct paleontological 
evidence at a number of localities to be Neocomian, or very 
nearly of that period, and there is no evidence that any consid- 
erable quantity of older rocks is included within the area. The 
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epoch of the metamorphism is also clearly proved to be within 
the earlier portion of the Cretaceous period and probably about 
the close of the Neocomian.* The most interesting alteration 
processes to which the sandstones have been subjected are 
closely similar to those which characterize metamorphic areas 
elsewhere, consisting chiefly in the metasomatic recrystallization 
of the sediments to holocrystalline feldspathic rocks carrying 
ferromagnesian silicates, and in the formation of vast quantities 
of serpentine. It is also clear on structural and chemical 
grounds that solutions rising from the underyling shattered 
granite codperated in the metamorphism. 

Thus the origin of the sedimentary rocks, their mineralogical 
character in an unaltered state, their age, the approximate 
epoch at which they were metamorphosed, and the general 
character of the conditions of metamorphism, are all known, 
while the exposures illustrating the comparatively few more 
important problems are numberless. I am not aware that 
metamorphism has ever been studied under conditions so 
favorable for elucidation. It is unnecessary to say that the 
material is not exhausted by a single investigation and that 
much must remain to be done, especially from a chemical 
standpoint, in the present state of knowledge. It is believed, 
however, that a solid basis has been obtained for future inquiry, 
and that the results reached are sufficiently definite to form 
an important aid in the study of metamorphic areas elsewhere, 
which present less favorable opportunities for complete investi- 
gation.t 

Excepting the light cream-colored schists of Miocene age 
which occupy a narrow strip along the coast of California from 
the neighborhood of Santa Cruz southward, the rocks of the 
Coast Ranges where unaltered are mainly sandstones of Cre- 
taceous and Tertiary age. Sandstones often occur here in 
practically uninterrupted series of beds many thousands of feet 
in thickness. The mechanical condition of the accumulation 
of such vast quantities of sand forms a problem which has not 
been solved for this area, nor, so far as I am aware, for any 
similar area elsewhere. The unaltered sandstones of the Coast 


* Notes on the stratigraphy of California by G. F. Becker, Bull. U. S. Geol. 
Survey No. 19. Notes on the Mesozoic and Cenozoic Paleontology of California 
by C. A. White, Buli. U. S. Geol. Survey No. 15. 

+ As it is nearly or quite impossible for any investigator to free himself wholly 
from preconceptions,,it may not be superfluous to state that in beginning the study 
of the quicksilver belt I entertained no opinions as to the character or origin of the 
crystalline and serpentinoid rocks. I was prepared to find the former either 
eruptive or unaltered crystalline precipitates and entertained no prejudice against 
regarding the serpentine either as an original deposit or as a product of the altera- 
tion of olivine. Though I have reached different conclusions as to the occurrences 
of this area, I do not in the least doubt that every mineral has been produced 
somewhere in nature by every possible method. 
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ranges are very much alike whatever their age, the Téjon 
(Eocene) beds however are of a much lighter color than the 
Chico (late Cretaceous) or the Miocene rocks. The Chico 
again is usually more indurated than the Miocene. While the 
Knoxville (Neocomian) sandstones, where unaltered, closely 
resemble those of later periods, no case is known in which 
unaltered Knoxville beds are not intimately associated with 
greatly disturbed and metamorphosed rocks of the same age, 
so that there is no difficulty in discrimination when once it is 
established, that the epoch of violent upheaval and metamor- 
phism followed soon after the close of the Knoxville. This 
fact I have already proved.* 

Field study showed that the Coast Ranges are probably 
everywhere underlain by granite. The microscopic examin- 
ations have given this inference unexpectedly strong contirma- 
tion, for though on structural grounds it appears certain that 
a portion of the later sandstones were formed at the expense of 
earlier arenaceous beds, they all exhibit unmistakable evidence 
of granitic origin. They are thus so similar that they may be 
discussed together lithologically. The microscope shows that 
the main constituents are quartz fragments with abundant 
fluid inclusions, and in other respects entirely resembling the 
quartzes of the underlying granite, orthoclase and the same 
plagioclases found in the granite. Biotite in foils deformed by 
the pressure of the adjoining grains is not infrequent, and 
decomposition products traceable to this mineral are common. 
Clastic grains of hornblende exactly like that in the granite 
are tolerably common. Apatite, titanite, zircon, tourmaline, 
rutile and epidote, also occur. The only clastic constituent 
not directly referable to the granite consists of black scales, 
which are sparsely disseminated in some localities, and which 
resemble in some cases fragments of carbonaceous shale, while 
in others they suggest plant remains. The proportion of 
quartz in the sandstones is as a matter of course greater than 
in the granite. The grains are commonly rounded like ordinary 
beach sand, but are sometimes extremely sharp. The cement 
is largely calcite. The sandstones are subject to the ordinary 
decomposition known as weathering, by which the ferromag- 
nesian silicates are in part converted to chlorite and in part to 
a ferruginous cement. 

Sharply defined limits cannot be drawn between the various 
metamorphosed rocks of the Coast Ranges; they pass over into 
one another by degrees. For purposes of description, how- 
ever, it is desirable to consider certain types as distinct. The 
divisions which appear to satisfy best both their field occur- 
rence and their microscopical character are as follows: Par- 


* Bull. U. 8. Geol, Survey, No. 19. 
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tially metamorphosed sandstones in which, although a process of 
recrystallization has begun, the clastic structure as seen under 
the microscope is not obliterated but is often more or less 
obscured. This class will be referred to hereafter for the sake 
of brevity as altered sandstones. Granular metamorphics in 
which metasomatic recrystallization of sandstones has. trans- 
formed the mass into a holocrystalline aggregate which, in its 
most complex development, consists of augite, amphibole, feld- 
spar, zoisite, quartz and accessory minerals. This class cannot 
be sharply separated from the first or from the next following. 
By the suppression of one or more constituents, groups are 
formed under this class, such as metamorphic diabase, meta- 
morphic diorite, amphibolite, ete. The third class embraces the 
glaucophane schists derived from certain shales much as the 
granular metamorphics are produced from sandstone. These 
schists almost invariably carry muscovite, quartz, zoisite and 
other minerals. The phthanites are a series of more or less 
calcareous schistose rocks which have been subjected to a pro- 
cess of silicification resulting in chert-like masses, which retain 
schistoid structure and are intersected by innumerable quartz 
veins, They usually carry more or less zoisite. Finally the 
serpentines which have resulted in part from the direct action of 
solutions on sandstones and in part from alteration of the 
granular metamorphics. They cannot be rigidly divided from 
the rocks from which they are derived, since many of these 
contain some serpentine; but there is also a very large amount 
of tolerably pure serpentine in the region under discussion. 

A considerable number of minerals have been generated in 
these rocks by metasomatic processes and weathering. These 
are biotite, muscovite, augite, hornblende, glaucophane, labra- 
dorite, andesine (probably), oligoclase, albite, orthoclase, quartz, 
zoisite, rutile, ilmenite, titanite, apatite, garnet, nacrite, chlorite, 
epidote, serpentine and chromite. Talc is known to occur in 
the Coast Ranges but does not happen to be represented in the 
collections for this investigation. A careful search has been 
made in the slides for other minerals as rhombic pyroxene, anda- 
lusite, dipyre, prehnite, allanite and zeolites, but without success. 
Zeolites have been found macroscopically in vugs, but not as 
rock constituents. The most interesting and in some respects 
the most important mineral found is zoisite, which has been 
repeatedly analyzed and tested. It corresponds completely to 
that found by Mr. A. Cathrein in the European saussurites.* 

* Dr. T. S. Hunt was, I believe, the first to show that some saussurites were 
largely or wholly composed of saussurite (this Journal, vol. xxvii, 1859, p. 336). 
Mr. Cathrein showed that many of them are mixtures of zoisite and feldspar 
(Groth’s Zeitschrift fir Krys. u. Min., vol. vii, 1883, p. 234). Since the composi- 
tion of saussurite is known, it does not appear desirable to retain this designation 
for the mixture. 
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Though not among the most readily recognizable minerals, it 
can be distinguished with tolerable ease by its physical and 
optical properties. Some of its important characteristics are as 
follows: rather strong refraction, tint under the microscope 
colorless to faint yellowish green, in the latter case slightly 
pleochroitic, colors of interference bluish gray to a dull yellow, 
this tint being sometimes pale and sometimes strong but rarely 
or never bright. It occurs in granular aggregates and in 
prisms; the latter are usually jointed, occasionally more than 
twenty times. The prisms are generally fluted in the direction 
of the main axis. Cross-sections are square or show a single 
corner truncated. The axes of elasticity are as nearly as can 
be observed strictly parallel to the main crystallographic axis 
and to the pinacoidal faces. The angle of the optical axes is 
large and their plane is parallel to one of the pinacoidal faces. 
Glaucophane was first recognized in rocks from California, so 
far as I know, by M. Michel-Lévy in 1878.* It appears to be 
connected with ordinary hornblende by transitions. No special 
comments are requisite on any of the other minerals excepting 
serpentine, which will be discussed below. 

All the more important processes of metasomatic recrystal- 
lization can be traced in the altered sandstones, rocks the 
clastic origin of which could not be doubted for a moment. 
In many cases one of the first stages in the process is the reso- 
lution of the clastic grains into crystalline aggregates from 
which new minerals are again built up. Augite and horn- 
blende have been observed forming in this manner. The 
newly-formed ferro-magnesian silicate crystals are often com- 
posed of groups of microlites not quite united and yet possessing 
a common crystallographic outline. The sharp edges of these 
minerals, their structure and the relation to the still traceable 
clastic fragments, all forbid the supposition that they are them- 
selves transported fragmental material. Feldspars form in the 
same way, and in some cases it can be shown that a single 
newly-formed feldspar with sharp crystallographic outlines 
occupies the position of several of the original clastic grains. 
The feldspars also crystallize along tiny veins in the slides. A 
frequent occurrence is the resolution of quartz grains into 
plagioclase microlites. The reaction begins on the surface of 
the quartz grains and produces a fringe of twinned feldspar 
microlites in positions approximately normal to the surface of 
the residual kernel. The microlites do not merely abut against 
the kernel, but penetrate it for a sensible distance like closely 
set pins in a cushion. The newly-formed feldspars in the 
altered sandstones are in part elongated microlites, in other 
cases they are granular. Zoisite is present in nearly all the 


* Fourth Annual Report State Mineralogist of California, p. 182. 
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altered sandstones. It forms in the aggregates which result 
from the clastic grains and its microlites sometimes pierce quartz 
grains from the outside. It is abundant in the granular as well 
as in the prismatic form. A sandstone from New Almaden has 
been subjected to somewhat irregular alteration. Although 
the rock as a whole is both macroscopically and microscopically 
a fragmental one, there are fields in the slide which have the 
mineralogical and structural character of an eruptive diabase. 
These areas do not represent inclusions but pass gradually 
over into others in which the clastic character is unquestionable. 

It is only necessary to suppose the processes indicated above - 
carried further to obtain a product in which the clastic char- 
acter of the rocks would cease to be evident. The altered 
sandstones thus form under the microscope as they do in the 
field transitions from the clastic series to the holocrystalline 
rocks. 

The granular metamorphic rocks of the Coast Ranges are sep- 
arable under the microsccpe into several groups, but this is not 
practicable by unaided vision; indeed there are many cases in 
which specimens which appear to the naked eye to be not 
greatly altered sandstones prove under the microscope to be 
holocrystalline rocks with none of the microstructure of a 
sandstone. The most important class of the granular rocks is 
a metamorphic diabase in which the pyroxene sometimes 
assumes the form of diallage. None of this rock has been 
found in place which carries olivine, but in one district occur 
rounded pebbles of an olivinitic gabbro, which is probably of 
metamorphic origin. This is the only olivinitic rock excepting 
basalt met with in this region. The metamorphic diabase in a 
large proportion of cases carries much zoisite. It also fre- 
quently contains hornblende. Metamorphic diorites are also 
not infrequent, and in some cases the quantity of hornblende 
so greatiy exceeds that of the other constituents that the rock 
deserves the name of amphibolite. Glaucophane occurs in 
both the diabasic and the dioritic rocks. The quantity of 
zoisite in these rocks is very variable, and in some cases is so 
great that with feldspar it forms almost the entire mass. The 
schistose metamorphics, not including phthanites, are all char- 
acterized by the presence of glaucophane. In every case but 
one, zoisite is associated with the glaucophane in this group, 
and either muscovite or biotite is usually present. 

The phthanites or silicified shales form a very distinct group 
readily distinguishable from the granular metamorphics. They 
usually are green or brown in color and intersected by in- 
numerable quartz veins. They contain microscopic organic 
remains, and imbedded in the quartz veins or projecting from 
their walls are often numerous zoisite crystals. All of these 
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rocks are best represented by detailed descriptions of special 
examples for which there is no space here. 

Serpentine in a comparatively pure state occurs throughout 
the quicksilver belt in irregular areas. As nearly as can 
be estimated these areas amount to somewhat over 1,000 square 
miles between Clear Lake and New Idria. Serpentine is also 
one of the mineral constituents of many of the altered sand- 
stones and of the granular metamorphic rocks. In order that 
there might be no mistake as to the identification of this 
mineral in its various relations, quantitative analyses and quali. 
tative tests have been made of many occurrences. The optical 
properties have been studied in the specimens analyzed and 
microchemical tests have been applied to confirm optical 
determinations. The result obtained is that the serpentine of 
H the massive occurrences and that of the partially- serpentinized 
' sandstones and granular metamorphics is the same. It is 


a biaxial variety, often just perceptibly dichroitic and rarely 
i shows differences of tint as great as those characteristic of 
} chlorite. It might be called antigorite if it seemed needful to 


separate the biaxial serpentines. Bastitic developments are 
i common, but these masses do not appear to be pseudomorphic 
or to differ, except in regularity of structure, from the ordinary 
f forms. Chrysotile and marmolite, which are not infrequent, 
seem also mere structural modifications. The net structure so 
usual, though nut invariable, in serpentine formed from olivine 
has nowhere been detected. Where any considerable quantity 
of serpentine is present it usually shows the grate-structure 
first studied in the Alpine serpentines by von Drasche and since 
by others in the Grecian and Swedish occurrences. 

No considerable portion of the serpentine of the Coast Ranges 
has resulted from the decomposition of olivine. Only pebbles 
of a single olivine gabbro have been found and these contain a 
mere trace of serpentine, while the origin of the serpentine has 
been traced in a great number of cases to rocks containing no 
olivine. Field observations show most conclusively that the 
great mass of the serpentine of this area is derived from the 
sandstones either immediately or through an intermediate 
granular metamorphic rock, This is evident both from the 
larger features of structure and from the details of separate 
croppings. Highly inclined strata strike into serpentine areas 
in such a manner as wholly to preclude the supposition that 
the serpentine is an older mass, and one side of an anticlinal 
fold is serpentinized while the other is unaltered and carries 
excellent fossils. These relations are particularly clear at 
Knoxville and at Mt. Diablo. There are also clear cases of 
transition from sandstone to serpentine. In the conversion of 
more or less metamorphosed sandstone masses to serpentine as 
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seen in the field, the transformation begins along the cracks, 
working toward the centers of the included fragments, 
Where the process is incomplete the structure produced is 
entirely analogous to that of decomposing olivines as seen 
under the microscope. Sometimes, but not often, the serpen- 
tine assumes a radial form, the fibers being normal to the 
surface of the nucleus. Prof. Whitney observed such a case at 
New Idria, and I found a very beautiful one at Knoxville. 
The serpentinoid rocks usually show evidence of very violent 
dynamical action. 

Under the microscope it can be shown, as I think, beyond a 
question, that all of the principal components of the sandstones - 
and granular metamorphic rocks are subject to serpentinization. 
After the investigations of von Drasche, Hussak, Hichstidt, 
Weigand and others, it will surprise no one to learn that 
augite and hornblende are converted to serpentine.* The 
decomposition begins along the surfaces and cracks exactly as 
in the case of chloritization and uralitization. Though vom 
Rath, Bischof and others have shown that the conversion of 
feldspar to serpentine is probable, I am not aware that any 
definite proof of this change bas been published. In the Coast 
ranges it seems beyond a doubt. The feldspars are corroded 
externally, cracks are widened irregularly and filled with 
serpentine, and in some cases elongated teeth of serpentine may 
be seen biting into the clear feldspathic mass. It is impossible 
to explain these and many similar occurrences except on the 
supposition that a reaction between some fluid and the feld- 
spars has yielded serpentine. 

That quartz is sometimes converted into talc is a well known 
fact. In the altered sandstones of the Coast Ranges it is con- 
verted into serpentine. The proof is similar to that of the 
transformation of other minerals. In one very beautiful 
instance a clastic quartz grain of characteristic form, full 
of fluid inclusions, and containing an imbedded apatite 
microlite has been attacked from the outside. The original 
outline is preserved, but the outer layer of the fragment is now 
entirely occupied by felted fibers of serpentine and in addition 
long, slender, green needles pierce into the quartz toward its 
center. That there might be no doubt as to the character of 
this oceurrence, the slide was uncovered and a second entirely 
similar, but less beautiful instance was chemically tested. 

* Without entering here upor any review of the serpentine controversy, it may 
be noted that although the hypothesis that serpentine is substantially a result of 
the alteration of olivine seems to have been based chiefly upon the investigations 
ot Professors Sandberger and Tschermak, published in 1866-7, Sandberger 
recognized the formation of serpentine from the hornblendic rocks and diabases, 


and Tschermak describes the conversion of enstatite to serpentine. Dr. Hunt 
also admits the derivation of serpentine from enstatite in some cases. 
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The direct conversion of quartz to serpentine is a very general 
and very important process in the Coast Ranges. 

Apatite is also converted to serpentine in the rocks under 
discussion,* while mica and garnet occur under conditions 
which suggest but do not prove their transformation to serpen- 
tine. Pseudomorphs of serpentine after these minerals are 
known to occur elsewhere. Zoisite is probably but not certainly 
serpentinized. 

The lithological and mineralogical results reached for the un- 
altered and metamorphosed rocks of the Coast Ranges having 
been briefly sketched, a few notes on the general geological and 
chemico-physical relations of the process of transformation 
remain to be stated. In the present state of opinion it is not 
superfluous to insist upon the derivative character of the holo- 
crystalline metamorphic rocks and the serpentine of the quick- 
silver belt. It appears that at least one mineral of nearly 
universal distribution in the granular and the schistose rocks, 
and in the phthanites is especially significant in this respect, 
and that a sound argument may be based upon its presence in- 
dependently of other evidence. Zoisite is not known to occur 
as an original component of eruptive rocks nor, considering 
that it is essentially a hydrous mineral, is it easy to conceive 
that itshouldso occur. That it may be met with in such rocks, 
like epidote, as a product of decomposition is not improbable, 
but when it is found imbedded in clear continuous minerals 
evidently formed in place and showing no decomposition, as is 
the case in these rocks, there can hardly be a question that 
these minerals have been formed at a comparatively low 
temperature, probably below the boiling point and certainly 
below a red heat. The proof of the metamorphic character of 
the rocks is wholly independent of zoisite, however, and would 
be abundantly convincing if zoisite were a common constituent 
of lavas. 

The depth at which the rocks now exposed were buried at 
the epoch of metamorphism, soon after the close of the 
Neocomian, was probably a moderate one, perhaps 2,000 or 
3,000 feet. At a sufficient pressure rocks appear to be moulded 
by dynamical action rather than crushed, and Dr. Lehmann has 
shown that under such conditions even crystals may be bent. 
In the Coast Ranges no such phenomenon has been observed. 
On the contrary, the amount of fracturing is really astonishing. 

Both the Coast Ranges and the Gold Belt are underlain by 

ranite, which probably also forms the bed rock in the great 
valley of California. It is impossible to conceive of any force 
which should have produced intense lateral compression in the 
sedimentary rocks overlying the granite without disturbing the 

* Prof. J. D. Dana observed pseudomorphs of serpentine after apatite, this 
Journal, vol. viii, 1874, p. 371. 
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latter. The granite as well as the strata above it must there- 
fore have been disturbed and laterally compressed at the close 
of the Neocomian. Many thousand square miles of exposures 
of rock shattered until the average size of the unbroken lumps 
does not exceed that of an egg indicate the amount of energy 
converted into heat in this process. Before the upheaval, the 
sandstones and even the granite must have contained water 
which was warmed by this heat and, since the action was com- 
pressive, interstitial space must have been reduced, tending to 
force the solutions formed to the surface along the lines of 
fracture. Under these conditions chemical transformations 
were inevitable and it is as nearly as possible certain that these 
would not be confined to a mere molecular rearrangement of 
the constituents of the sedimentary rocks, but that the granite 
also would be involved. 

Without entering into any discussion of the chemical pro- 
cesses here, it is sufficient to state that the indications of field 
study are that the solutions were at first very warm and basic 
and that the earliest stage of the process of metamorphism was 
the conversion of the sandstones and some shales to holo- 
crystalline rocks carrying augiteand amphibole. Serpentiniza- 
tion seems to have followed at a lower temperature and finall 
ensued silicification, the solutions having now become acid. It 
is possible, and even probable, that silicification went on in 
part contemporaneously with the other processes, but under 
different physical conditions. The evidence, however, is on the 
whole against the supposition that the silicified rocks now ex- 
posed were thus modified contemporaneously with the forma- 
tion of the basic metamorphic rocks of the present surface. 
Chloritization and impregnation with caleite and gypsum are 
still going on at ordinary temperature. 

In conclusion it may be noted that all the more important 
minerals of the Archean schists are found in the metamorphosed 
rocks of the Coast Ranges. The quantitative relations indeed 
are different, especially those of the feldspars; for while ortho- 
clase predominates in the Archean, plagioclase is much more 
common in the Coast Ranges. There is far less evidence 
of great pressure in the quicksilver belt than in most Archean 
areas, and the intensity of chemical action has been much less 
uniform; but it is evident that under conditions not greatly 
dissimilar to those which prevailed in California at the close of 
the Neocomian, rocks not distinguishable from those of Archean 
areas might have been formed. Indeed more than one eminent 
geologist has believed that he recognized the rocks in question 
as Archean. It does not follow, however, to my mind, that all 
Archean rocks are necessarily of an origin similar to that of 
the metamorphosed rocks of the Coast Ranges. 

San Francisco, Office U. S. Geol. Survey, Feb., 1886. 
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Art. XXXIII—ARNOLD GUYOT.* 


It is a remarkable fact in the history of American Science 
that, forty years since, the small Republic of Switzerland lost, 
and America gained, three scientists who became leading men 
of the country in their several departments—AGAssIZz in 
Zoology, Guyot in Physical Geography, and LESQUEREUX in 
Paleontological Botany; Agassiz coming in 1846, Guyot and 
Lesquereux in 1848. A fourth, Mr. L. F. pp PourtaEs, who 
accompanied Agassiz, also merits prominent mention; for he 
was “the pioneer of deep-sea dredging in America.”+ The 
Society of the Natural Sciences at Neuchatel lost all four. As 
an American Academy of Science we cannot but rejoice in our 
gain; but we may also indulge at least in a passing regret for 
Neuchatel, and recognize that, in the life and death of Agassiz, 
Pourtalés and Guyot, we have common interests and sympathies. 


My own acquaintance with Professor Guyot commenced 
after his arrival in America, when half of his life was already 
passed. In preparing this sketch of our late colleague, I have 
therefore drawn largely from others, and chiefly from his 
family, and a memorial address by Mr. Charles Faure of Swit- 


zerland, one of his pupils, which was published in 1884 by the 
Geographical Society of Geneva.t 


Youth—Educaiion in Switzerland and Germany, 1807 to 1835. 
—To obtain a clear insight into the character of Professor 
Guyot it is important to have in view, at the outset, the fact 
that the Guyot family, early in the sixteenth century, became 
an Ee through the preaching of the French reformer, 

arel, the cotemporary of Luther; and also the sequel to this 
fact, that at the revocation of the Edict of Nantes, the Guyots 
were one of sixty families that moved into the principality of 
Neuchatel and Valangin from the valleys of Pragela and 
Queyraz in the high Alps of Dauphiny. Thus the race was 
one of earnestness and high purpose, of the kind and origin 
that contributed largely to the foundations of the American 
Republic. 

Professor Guyot’s father, David Pierre, esteemed for his 
“prompt intelligence and perfect integrity,” married in 1796 
Mademoiselle Constance Favarger, of Neuchatel, ‘‘a lady of 

* From a biographical sketch by James D. Dana, prepared for the U.S. National 
Academy of Sciences, and read by Professor ©. A. Young at the meeting in April 
at Washington. 

+ Mr. Alexander Agassiz, this Journal, ITI, xx, 254, 1880. 


¢ Vie et Travaux d’ Arnold Guyot, 1807-1884, par Charles Faure. 72 pp. Svo. 
Read before the Geographical Society of Geneva, April 25 and Aug. 25, 1884. 
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great personal beauty and rare nobility of character.” Arnold- 
Henri, one of twelve children, was born at Boudevilliers, on 
the 28th of September, 1807, and was named after the Swiss 
atriot of the fourteenth century, Arnold von Winkelried. 
About 1818, the family moved to Hauterive, three miles from 
Neuchatel, where his father died the following year. From 
the house at Hauterive young Guyot had before him, to the 
southeastward, the whole chain of the Alps from Mt. Blane to 
Titlis, and his sensitive nature must have drawn inspiration 
from the glorious view; the same deep draughts that he 
attributed to young Agassiz, in his Academic memoir of his 
friend, with reference to the same circumstance—the snowy 
Bernese Oberland, the Jungfrau, the Schreckhorn, the Finster- 
aarhorn, the Eigers, and other summits to Mt. Blanc, “ looming 
up before his eyes in the view from his house.” Such views 
are calculated to make physical geographers and geologists of 
active minds. Guyot early found pleasure in the collection of 
insects and plants, and evinced in this and other ways the 
impress that Nature was making upon him. 

Previous to the year 1818 and for a while after, Guyot was 
at school at La Chaux-de-Fonds, a noted village “at the foot 
of a narrow and savage gorge of the Jura,” 3,070 feet above 
the sea. In 1821, then fourteen years of age, he entered the 
College of Neuchatel, where he was a classmate of Leo Mes- 
quereux, the botanist. “Guyot and I,” says Lesquereux, 
“were for some years brothers in study, working in common, 
and often spending our vacations together either at Guyot’s 
home at Hauterive, or with my parents at Fleurier, and I owe 
much in life to the good influences of this friendship.” His 
studies were classical—Latin, Greek and philosophy, arranged 
for preparing a boy for the profession of the law, medicine or 
theology, with almost nothing to foster his love of nature. 

In 1825, then eighteen, he left home to complete his educa- 
tion in Germany. After spending three months in Metzingen, 
near Stuttgart, in the study of the German language, he went 
to Carlsruhe, where he became the inmate of the family of Mr. 
Braun, a man of wealth and scientific tastes, the father of the 
distinguished botanist and philosopher, Alexander Braun, the 
discoverer of phyllotaxis—terms of intimacy with the family 
on the part of several of his relatives having been of long 
standing. The family comprised also a younger son and two 
daughters. Agassiz was then a student at Heidelberg, along 
with young Alexander Braun and Carl Schimper, but he spent. 
his summer vacations at the Carlsruhe mansion. A vacation 
soon came. “The arrival of the eldest son of the house,” says 
Guyot, “already distinguished by his scientific publications, 
with his three university friends—Agassiz, Schimper, the 
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gifted co-laborer of Braun in the discovery of phyllotaxis, and 
Imhoff of Bale, the future author of one of the best Entomo- 
logical Faunas of Switzerland and Southern Germany, was a 
stirring event, which threw new life into the quiet circle. 
“After a short time devoted to a mutual acquaintance, every 
one began to work. The acquisition of knowledge was the 
rule of the day, and social enjoyment was but the sweet condi- 
ment to more solid food.” ‘‘ My remembrance,” remarks Guyot, 
“‘of those few months of alternate work and play, attended by 
so much real progress, are among the most delightful of my 
younger days.” “Add to these attractions the charm of the 
society of a few select and intimate friends—professors, clergy- 
men and artists, dropping in almost every evening, and you 
will easily understand how congenial, how fostering to all 
noble impulses, must have been the atmosphere of this family 
for the young and happy guests assembled under its hospitable 
roof.” ‘Months were thus spent in constant and immediate 
intercourse with nature, the subjects of investigation changing 
with the advancing seasons. Botany and Entomology had 
their turn; “and demonstrations of phyllotaxis,” he says, 
“now reduced to definite formula by Braun and Schimper, 
and shown in various plant forms, but especially in pine cones, 
were of absorbing interest. The whole plan of the present 
animal kingdom in its relations to the extinct paleontological 
forms was the theme of animated discussions.” He adds: “It 
would be idle to attempt to determine the measure of mutual 
benefit derived by these young students of nature from their 
meeting under such favorable circumstances. It certainly was 
great, and we need no other proof of the strong impulse they 
all received from it than the new ardor with which each pursued, 
and subsequently performed, his life-work.”* Guyot took in, 
equally with Agassiz, the newly developed views in botany, 
embryology and zoological classification, that were the subjects 
of thought and discussion, and became profoundly impressed 
thereby, as his later work shows. 

From Carlsruhe, Guyot went to Stuttgart and took the course 
at the Gymnasium, where he made himself a proficient in the 
German language. 

Returning to Neuchatel in 1827, and there quickened in his 
religious faith and feelings by the preaching of the Rev. Samuel 
Petit-pierre, his benevolent impulses under a sense of duty led 
him to turn from science to theology, and commence serious 
preparation for the ministry. In 1829, then 22 years of age, 
having this purpose still in view, he went to Berlin to attend 
the lectures of Schleiermacher, Neander and Hengstenberg, 
and there remained for five years (1830-1835). In order to 


* Guyot’s Academic Memoir on Agassiz, pp. 8-12. 
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meet his expenses he accepted the invitation of Herr Miiller, 
Privy Counsellor of the King of Prussia, to live with him and 
give his children the benefit of conversation in French. The 
position brought him into intercourse with the highest of Berlin 
society, and was in many ways of great benefit to him. 

While pursuing theology in earnest, his hours of recreation 
found him making collections of the plants and shells of the 
country and otherwise following his scientific leadings. Hum- 
boldt introduced him to the Berlin Botanical Garden, where 
the plants of the tropics were a source of special gratification 
and profit. Moreover, other courses of lectures attracted him, 
as those of Hegel, of Steffens on Psychology and the Philosophy 
of Nature, Mitscherlich on Chemistry, Hofmann on Geology, 
Dove on Physics and Meteorology, and especially those of 
Car] Ritter, the eminent geographer, whose philosophical views 
were full of delight to his eager mind and touched a sympathetic 
chord. Under such influence he found his love for nature- 
science rapidly taking possession of him, and, yielding finally 
to his mental demands, and to his conscience which would 
not permit him to enter the ministry with a divided purpose, 
he determined to drop theology and make science his chief 

ursuit. 
’ Ritter, of all his Berlin teachers, made the profoundest impres- 
sion on his course of thought; and his biographical sketch of 


him, presented to the American Geographical Society in 1460, 
four years after his death, exhibits the admiring affection of a 
pupil who was like Ritter in his profounder sentiments. A 
paragraph from the Memoir will show the tenor of Ritter’s 
geographical teaching, and something of the mental affiliation 
between them. Guyot says:* 


“Ritter, in the introduction to the ‘Erdkunde,’ declares that 
the fundamental idea which underlies all his work, and furnishes 
him a new principle for arranging the well-digested materials 
of the science of the globe, has its deep root in the domain of 
faith. This idea, he adds, was derived from an inward intuition, 
which gradually grew out of his life in nature and among men; 
it could not be, befvrehand, sharply defined and limited, but 
would become fully manifested in the completion of the edifice 
itself. That noble edifice is now before us, and unfinished 
though it be, it reveals the plan of the whole and allows us to 
perceive that fundamental idea on which it rests. It is a strong 
faith that our globe, like the totality of creation, is a great 
organism, the work of an all-wise Divine Intelligence, an admirable 
structure, all the parts of which are purposely shaped and 
arranged, and mutually dependent, and like organs, fulfill, by the 
will of the Maker, specific functions which combine themselves 


* Amer. Geographical Soe., ii, p. 48, Feb., 1860. 
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into a common life. But, for Ritter, that organism of the globe 
comprises not nature only; it includes man, and with man, the 
moral and intellectual life.” ‘None before him perceived so 
clearly the hidden but strong ties which mutually bind man to 
nature; those close and fruitful relations between man and his 
dwelling-place, between a continent and its inhabitants, between 
a country and the people which hold it as its share of the conti- 
nent; those influences which stamp the races and nations each 
with a character of their own, never to be effaced during the 
long period of their existence.” 


We have here ideas that took, in Guyot, a still larger 
expansion. 

Guyot derived great profit also from the works and the 
friendship of Humboldt. His address at the Humboldt Com- 
memoration of the American Geographical Society, in 1859, is 
a beautiful tribute to this model student of nature.* 

The five years of study at the Berlin University terminated 
with an examination which brought him the degree of Doctor 
of Philosophy. His graduating thesis, written in Latin, as was 
then the rule, was on “the Natural Classification of Lakes.’ 


To Paris, the Pyrenees, Italy, etc., 1835 to 1839.—From Berlin, 
Guyot, in his 28th year—June of 1835—went to Paris to take 
charge of the education of the sons of Count de Pourtalés- 
Gorgier, and continued with the family four years. Letters of 
introduction from Humboldt led to much intercourse with 
Brongniart and other savants of the great city. For the sum- 
mer he accompanied the family to Eaux Bonnes in the Pyr- 
enees. While there he made ascents of the higher peaks, and 
took excursions in various directions—to the amphitheater of 
Gavarnie, to the borders of Spain by the Pont d’Espagne and 
the pass beyond, to the valley of the Haux Chaudes, ete.—in 
order to study the features and flora and compare the moun- 
tains in these respects with the Alps. In the autumn he went, 
with his pupils, to Belgium, Holland and the Rhine, to study 
the characteristic features of these countries. The following 
year he visited Pisa, and there, besides enjoying the new scenes, 
made various barometrical measurements, determining the ele- 
vation of the observatory at Florence, and of other points. 

Trip to the Giaciers in 1838.—In the spring of 1838, Agassiz 
found Guyot still at Paris. During the summer preceding 
Agassiz had startled the scientific world by his declarations as 
to a universal Glacial era, contained in a paper read before the 
Helvetic Society of Natural Sciences assembled at Neuchatel. 
His work in 18837—prompted in 1836 by Charpentier’s discov- 
eries proving the fact of a former epoch of immense glaciers in 


* Journal of the American Geographical Society, i, 242, October, 1859. 
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Switzerland-—had led him to the bold conclusion; and he was 
full of his new ideas when he met his old companion. He 
urged Guyot, who hesitated at accepting his views without 
examination, to study the facts; and obtained the promise that 
he would visit the glaciers that summer. 

In his memoir of Agassiz, Guyot states that his six weeks of 
investigation that season in the central Alps (nearly two years 
before Agassiz commenced his iavestigations on the glacier of 
the Aar) were fruitful beyond expectation. He says, that from 
the examination of the glaciers of the Aar, Rhone, Gries, 
Brenva and others, he learned (1) the law of the moraines; 
(2), that of the more rapid flow of the center of the glacier than 
the sides; (3), that of the more rapid flow of the top than the 
bottom ; (4), that of the laminated or ribboned structure (‘‘ blue 
bands”); and (5) that of the movement of the glacier by a 
gradual molecular displacement, instead of by a sliding of the 
ice-mass as held by de Saussure. 

The facts and conclusions were communicated to the Geo- 
logical Society of France at a meeting at Porrentruy in Sep- 
tember, 1838. The communication is mentioned in the Bulletin 
of the Society for that year;* but no report of it is given, 
because the manuscript remained in his hands unfinished in 
consequence of his protracted illness the winter following. 
The portion then finished (which afterward was withheld from 
publication because, by special arrangement between them, 
Agassiz, in 1840, entered upon the special study of the glacier, 
and Guyot on that of the Swiss erratic phenomena, for their 
separate parts of a general survey) has recently been printed in 
volume xiii (1883) of the Bulletin of the Neuchatel Society of 
Natural Sciences. 

In 1842 this manuscript was deposited, by motion of Agassiz, 
in the archives of the Neuchatel Society, and in 1848 it was 
withdrawn by Guyot when he left for America. It is to be 
regretted that publication was not substituted in 1842 for 
burial. Its recent publication was made by the request of 
Guyot early in 1883 from a certified copy of the original 
manuscript. 

This paper gives the facts on which Guyot based his conclu- 
sions; and since these conclusions comprise some of the most 
important of the views now accepted relating to glacier motion 
and structure, and antedate the observations of Agassiz, Rendu 
and Forbes, they have special interest. 

The fact of a less rapid movement of the bottom ice than the top, 
owing to friction, he ascertained by the observation that in 
glaciers of steep descent, like the Rhone at its rapids, and the 
Gries, the transverse crevasses and the masses they cut off are 


* Volume ix, page 407. 
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at first vertical or nearly so; but below the rapids, where the 
slope is gentle and the crevasses become mostly closed, the 
masses are inclined with the pitch up stream; and this up- 
stream inclination is reduced, at the termination of the glacier, 
to a few degrees. The crevasses, although closing up below, 
are still traceable. He says: The so-called layers are not 
strictly layers; but great numbers of cracks remain which give 
to the mass the appearance of being made up of beds several 
yards thick, as may be seen in the glaciers of the Grindelwald 
valley, Aar and others. 

Further: to this pitch in the stratification at the lower 
extremity, the beds rising outward, Guyot attributes also the 
origin of the majestic ice-chambers, whence in most cases flow 
great streams, as that of the Rhone, of the Arveyron at the foot 
of the Mer de Glace, of the Liitschinen from the glaciers of 
Grindelwald. 

The more rapid movement of the center than the sides also was 
learned from the Rhone glacier and others of steep descent. 
The crevasses, at first transverse, were found to be arched in 
front below the rapids, and increasingly arched to the extremity, 
and the successive crevasse lines were very nearly concentric 
with the semicircular outline of the extremity of the glacier. 
He gives a figure of the Rhone glacier as seen from the Maien- 
wand in illustration ; and other later glacialists have appealed 
to the same evidence of lateral friction. 

The semicircular outline of the terminal moraine was found 
to be another result of the cause just mentioned; and so also 
the “eventail” arrangement of the several moraines immedi- 
ately above the termination. The greater height and breadth 
of the central moraine is made a consequence of the greater 
velocity of the ice at the middle of the upper surface, more 
transportation taking place consequently in a given time. 

Again: The conclusion that the movement of the glacier was 
largely through molecular displacement was supported by his 
observation that the ice, instead of breaking up and rising into 
an accumulation of masses on its passage by an isolated rock, 
or rocky islet in its course, spread around and enveloped it. 
without fracturing; and he refers to a fine example of this at 
the two isolated islets of rock in the midst of the great Brenva 
glacier, called the ‘“‘ Eyes of the glacier.” ‘The same thing is 
observed at the Jardin du Taléfre, a true islet in the midst of 
a mer de glace, having a border of blocks of rock, or of a 
moraine, cast upon its sides by the march of the glacier, just 
like the coast dunes of an island in the ocean.” 

In view of such facts Guyot observes: ‘If it is true that the 
different parts of a glacier move with different velocities; if the 
glacier adapts itself to the form of a valley and fills all depres- 
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sions without ceasing to be continuous; if it can bend around 
an obstacle and closely enclose it without the fracturing of its 
mass like a spreading liquid, we may affirm that the move- 
ments take place through a molecular displacement, and we 
must abandon, at least as the only cause, the idea of a slow 
sliding of the mass upon itself as incompatible with the phe- 
nomena presented.’”* 

The blue bands of the glacier were first described by Guyot. 
He called the structure stratification, and observed it in the ice 
of the summit of the glacier of Gries, at a height of about 7500 
feet. A peculiar furrowing of the surface of the ice, the fur- 
rows one or two inches broad, attracted his attention; and this 
result of weathering he found to have come from the unequal 
firmness of the layers constituting it, layers of a softer “snowy 
ice” alternating with those of firm bluish glassy ice. The 
stratification was found by him to extend over hundreds of 
square meters, and downward, on the sides of crevasses, 20 to 
30 feet deep, or as far down as the eye could penetrate; and it 
was evident that the layers of the two sides of a crevasse were 
once continuous, “like the strata of the opposite sides of a 
transverse valley.” He compared the stratification to that of 
certain coarsely schistose limestones.t He remarks in conclu- 
sion: “ We should say that the lavers were not annual layers, 
but rather a series made day by day from small successive 
snow-falls that were melted in part by the sun of the day, and 
covered each night by the thick frost-glazing which envelops all 
the snowy summits of the high Alps.’’t 

He further observes that “these beds were evidently formed 
at a greater height and in a different position from that where 
observed.” He adds, in closing his remarks on the subject— 
“Do the beds, at first horizontal, or at least parallel to the 
surface of the glacier, accomplish, during its movement, evolu- 
tions, as yet imperfectly understood, analogous to those before 
mentioned [that is, those occasioned by differences in velocity 
of the middle, sides and bottom, owing to unequal friction]. 
This is a point whieh should have further examination, with 
observations as minute, numerous and universal as_ possible. 
Unfortunately a thick fog and threatening weather forced me 


* In French his words of 1838 are: ‘On peut affirmer que ces mouvements ne 
peuvent avoir lieu qu’en vertu d’un déplacement moléculaire, et il faut abandonner, 
au moins comme cause unique, l’idée d’un glissement lent de la masse sur elle-méme, 
comme incompatible avec les phénoménes que presente la marche des glaciers.” 

+ His words are: “ stratifié a la fagon de certains calcaires grossiérement schis- 
teux;” and he explains it himself as implying a lamellar structure. | 

}¢ In the original, the words are: On aurait dit, non pas des couches annuelles, 
mais une série de couches plutét journaliéres de neige tombée successivement par 
petites quantités. puis fondue en partie par le soleil de Ja journée, et couverte 
chaque nuit de cet épais verglas qui, au-dessus de la région des glaces, recouvre 
toutes les sommités neigeuses des hautes Alpes.” 
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to stop work before I had ascertained whether this structure 
was general for the whole mass of the glacier at that altitude, 
or whether restricted to that locality notwithstanding the proof 
of so large an extension of it.” Guyot had some confidence in 
his conclusions, but he also felt, as he states, the importance of 
more detailed investigation in order to decide on their real 
value. 

On the 1st of December, 1841, Guyot communicated the 
results of his observations of 1838, so far as relates to the 
“blue bands,” at a meeting of the Neuchatel Society of Natural 
Sciences—“reading some passages from his notes written in 
1838.” This communication contains the additional fact that 
the layers of the stratification in the Gries glacier were inclined 
about 45°; were nearly transverse to the principal glacier; and 
appeared also to have sinuosities due to lateral compression.* 
Agassiz, in his Systéme Glaciaire (1847), cites from Guyot’s 
manuscript (then deposited with the Neuchatel Society) the 
part relating to the “ blue bands” (the only part he ever cited) ; 
and in this citation there is a paragraph on the inclination or 
pitch of the layers, with Guyot’s additional suggestion that the 
pitch of the layers looked as if a result of the advance of the 
surface portion over that below, a point already explained by 
him [by reference to friction at bottom.t] 

Guyot opens his account of the blue bands with the remark 
that as he had seen them only on one occasion, he dares not 
hazard an explanation. But his later sentences show that he 
was inclined to regard them as a result of deposition, and to 
consider the varying inclinations in the layers as due to sub- 
sequent disturbing action, that is, to the irregularities of glacier 
movement caused by friction and pressure under the varying 
conditions of the glacier valley as to form and size. 

Whether right or wrong in these suggestions as to the bands, 
Guyot’s six weeks’ work in the summer of 1883 was indeed 
fruitful. He had the satisfaction of seeing his conclusions for 
the most part confirmed by the facts collected by Agassiz, 
Forbes and others, but not of receiving credit for his work and 

* The report of the meeting of the Neuchatel Society is contained in the Ver- 
handlungen of the Schweiz. Nat. Gesellschaft, Altdorf, 1842. The abstract of 
Guyot’s communication here given (pp. 199-200) says: “La position de ces 
couches etait inclinée d’environ 45° dans le sens de la pente générale du glacier. 
Leur direction semblait presque transversale a celle du glacier principale, mais 
longitudinale 4 celle de son penchant méridional. Elle présentait quelquefois des 
sinuosités qui semblaient un effet de compression laterale.” 

+ The cited paragraph in the Systéme Glaciaire (p. 209) is as follows: “La 
direction de ces couches coupait 4 angle droit la ligne de marche (de pente) du 
glacier; leur inclination deviait de 30° a 40° de la perpendiculaire vers la partie 
inférieure, comme si la pente superficielle gagnait de l’avance sur la partie inféri- 
eure ainsi que je l’ai décrit plus haut.” I learn from Mrs. Guyot that this para- 
graph is a part of the original manuscript, and that it was by oversight that it 
was not sent to the Neuchatel Society in 1883 with the rest. 


q 
| 


Arnold Guyot. 367 


original conclusions, except on one point; and chiefly because 
of the want of proper publication.* 

Having attended at Berlin, the lectures of Dove on Physics 
and Meteorology, and those of Ritter on Physical Geography, 
Guyot knew, when he went to the mountains, what to look for 
in case the glaciers were great flowing streams of ice, as had 
often been supposed; he knew that the flow of a stream is 
retarded along the sides and bottom by friction; and he nat- 
urally looked also for something in the encounter of the glacier 
with rocks answering to molecular displacement. Hence, in 
his six weeks of observations on the glaciers, he reached, with- 
out waste of time, good conclusions—the conclusions of a 
physical geographer. His investigation did not enable him to 
appreciate the interior fracturing that.works along with molec- 
ular displacement in the flow of the ice, but his conclusion 
was still far in the right direction, and decisive against the 
hypothesis he opposed. That he did not continue his study of 
the glaciers to thoroughly established results was owing to his 
yielding the subject afterward to Agassiz. Fidelity to his 
friend and his volunteered agreement curbed in and silenced 


* Rendu’s ‘ Théorie des Glaciers de la Savoie” was published in 1841 (Mem. 
Soe. Roy. Savoie, Chambery, vol. x). Forbes’s first letter from the Alps, announc- 
ing his discovery in August, 1841, of the ‘blue bands” in the Aar glacier, was 
communicated to the Royal Society of Edinburgh, Dec. 6, 1841, and published in 
January in Jameson’s N- Phil. J., vol. xxxii, 1842. Agassiz’s first work on gla- 
ciers, “ Etudes sur les Glaciers” was published in 1840. Neither of these publica- 
tions mentions Guyot or his observations. 

Guyot’s communication of 1841, published in the Altdorf Verhandlungen, was 
drawn out by a discussion between Forbes and Agassiz relating to priority as to 
observations on the blue bands, and it was made just five days before Forbes’s 
first letter was read in Edinburgh. Agassiz claimed credit for Guyot at the meet- 
ing in 1841, as a set off against Forbes’s claim, and, again, in the N. Phil. Journ., 
xxxiii, 265, 1843. Forbes, in the following volume of that Journal, xxxiv, 145, 
1843, gives Guyot credit for origiual discovery as regards the “blue bands” and 
speaks of his corresponding with him on the subject ; and he repeats the acknowl- 
edgment to the “ingenious Professor of Neuchatel,” in his Travels through the 
Alps of Savoy, 1843 (1st edit.) and 1845 (2d edit.), page 28. Desor in the same 
Journal, xxxv, 308, 1843, in a paper on Agassiz’s recent glacier researches, intro- 
duces a translation of Guyot’s account of the banded structure, but cuts it short 
at the words “ opposite sides of a transverse valley,” leaving off the explanatory 
remarks which follow. 

Tyndall, in his “ Forms of Water” (1872, p. 183) gives Guyot credit for priority, 
and he cites, both in this work and in his earlier “Glaciers of the Alps” (1856), 
a translation of Guyot’s account, ending it a sentence short of Desor’s citation, 
with the words “certain calcareous slates,” in place of Guyot’s “ certain schistose 
limestones ;” and, on page 187 of “The Forms of Water,” not knowing all of 
Guyot’s explanations, he does him more than credit (admitting Tyndali’s view 
to be established) in saying that he “threw out an exceedingly sagacious hint when 
he compared the veined structure to the cleavage of slate rocks :” for the comparison 
in Guyot’s paper implies rather true stratification from deposition. The first detailed 
comparison of the “ blue bands” to slaty cleavage, in structure, position and origin, 
appears to have been made by Professor Henry D. Rogers. at the Cambridge meeting 
of the American Association in 1849 (Proc. Am. Assoc., ii, 181). But Rogers attrib- 
uted the structure in both to conditions of temperature, and not, like Tyndall, to 
pressure. 
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him; and so his paper, excepting the paragraphs on the “ blue 
bands,” remained buried until after Agassiz’s decease. 


At Neuchdtel—Professor in the Academy, 1839-1848.:-—In 
1839, at the age of thirty-two, Guyot left Paris and returned to 
his native town. He at once became an active member of the 
Society of the Natural Sciences (which had been initiated by 
Agassiz in 1832), and was made, by the Society, one of a com- 
mittee—including also M. A. Osterwald and H. Ladame—for 
the organization of a system of meteorological observations in 
Switzerland and the selection of the best instruments for the 
purpose. On the establishment of the “ Academy” at Neu- 
chatel for the purpose of furnishing a university education to 
the graduates of the college or gymnasium, he was appointed to 
the chair of History and Physical Geography, and became a 
colleague of Agassiz. He hesitated about taking charge of the 
Gepartment of History, as it had not been one of his special 
lines of study; but once committed to it, he plunged into the 
subject with great earnestness. He says, he groped on among 
the details for two years before he began to distinguish its 
grand periods; and the light as it broke in upon him caused 
so intense excitement that he was made ill. 

Instruction was a great pleasure to him, because of his deep 
interest both in his subject and in his pupils. His two de- 
partments called out from him thirteen general and special 
courses of lectures. With regard to the lectures, Mr. Faure 
says: “From the first, in spite of his apprehensions, he capti- 
vated his audience by his easy, elegant, sympathetic words, by 
the breadth of his views, and the abundance and happy ar- 
rangement of his facts. He had each winter afterward the 
pleasure of seeing men of cultivation of all classes in Neuchatel 
pressing into the large hall of the college and listening to him 
with riveted attention.” His pupil adds: ‘“‘ What zeal he in- 
spired! What ardor for work! The fire with which he was 
filled passed to us. He was more than a professor; he wasa 
devoted friend, a wise counsellor, associating himself with us 
and encouraging us in our work.” 

Guyot, besides lecturing and instructing, did all he could of 
outside work: meteorological, barometric, hydrographic, oro- 
graphic and glacialistic. The hydrographic work was the care- 
ful sounding of Lake Neuchatel (in all 1100 soundings) as the 
commencement of a study of the annual variation in the tem- 
perature of the waters of the Swiss lakes. His chief research— 
that on the distribution of the bowlders or erratics over Switzer- 
land, occupied him “single-handed, seven laborious summers, 
from 1840 to 1847,” he allowing himself, only “at the end of 
his working season, the pleasure of a visit of a few days to the 
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lively band of friends established on the glacier of the Aar, in 
order to learn the results of their doings and communicate his 
own to them.”* 

Switzerland in the ice-period was his subject; and the 
sources of the bowlders and the courses of ice-transportation 
were the chief enquiries. The investigation involved excur- 
sions on foot and careful examination over the whole range of 
the Swiss Alps, the slopes into Italy, the plains of Switzerland, 
and the mountains on the northern and western borders, in- 
cluding the Juras—in all an area of 190 by 310 miles—in order 
to trace the erratics to their high sources among the snowy sum- 
mits, examine the rocks of all peaks, ridges and valleys for 
comparison with those of the erratics, measure the heights along 
the lines and limits of the erratics from plain to mountain peak, 
and note all glacial markings. The task was accomplished 
with the greatest possible fidelity ; thousands of barometric 
measurements were made in the course of it, and from 5000 to 
6000 specimens were gathered in duplicate. 

Thus, says Guyot: 


Eight erratic basins were recognized on the northern slope of 
the Alps—those of the Isére, the Arve, Rhone, Aar, Reuss, Lim- 
mat, Sentis, and Rhine; and four on the southern slope—that of 
the Adda including Lake Como, of Lugano, of Ticino including 


L. Maggiore, and that of the Val d’Aosta. Moreover a question 
left hitherto untouched—the distribution in each basin of the 
rocks special to it, was minutely examined, and the final results of 
all the laws observed in the arrangement of the erratic fragments 
were shown-to be identical with the laws of the moraines. This 
identity, and the absolute continuity of the erratic phenomena 
from the heart of the Alps down the valleys and beyond to the 
Jura left no alternative but to admit the ancient existence of 
mighty glaciers as vast as the erratic regions themselves, having 
a thickness of over 2000 feet. 


Brief notes on his work were published in the Bulletin of 
the Neuchatel Society of the Natural Sciences, for November, 
1848, May and December, 1845, and January, 1847,¢ he 
reserving the complete report for the second volume of Agassiz’s 
great work on glaciers. But, unfortunately, after the first 
volume by Agassiz appeared at Paris, in 1847, there came the 
revolution of 1848, which put an end to their plans. 

The study of the geological structure of the Jura Mountains, 
in which he worked out the system in the flexures of the 
strata and proved that it must have been produced by lateral 
pressure, was another of Guyot’s labors soon after his return to 

* Memoir of Agassiz, page 39. 


+ The facts are well presented also, though briefly, in the second volume of 
D’Archiac's Histoire des Progrés de la Géologie, pp. 259-265. 


Am. Jour. Sct.—Tuirp SERIES, VoL. XXXI, No. 185, May, 1886. 
24 


370 L. F. Ward—Fossil Dicotyledonous Leaves. 


Neuchatel, although not reported on until 1849, at the Cam- 
bridge meeting of the American Association.* 

Guyot had been teaching at Neuchatel nine years when, 
suddenly, the ‘‘ Academy” was suppressed by the Grand revolu- 
tionary Council at Geneva of 1848. The 13th of June brought 
the tidings; and on the 30th, the end came “ without any in- 
demnity to the Professors.” Letters from Agassiz urged Guyot 
to come to America. Though reluctant to take the step 
because of the many ties of friendship and association that 
bound him to Switzerland, and especially on account of the 
family under his charge (consisting of his mother, then 70 years 
old, and two sisters), which he should have to leave behind, he 
had the decision of his mother, after her careful reading of 
Agassiz’s letter, in favor of it; and in the following August he 
left friends, home, and Europe. 


ArT. XXXIV.—On the Determination of Fossil Dicotyledonous 
Leaves ; by LESTER F. Warp. 


FRAIL as mere leaves would seem to be as objects to be pre- 
served in the rocks of the earth’s crust, observation shows that 
of all organs of vegetation they are the most numerous in the 
plant-bearing beds of recent formations. The fact being known 
the explanation is easy. The two chief conditions to preser- 
vation are firmness of consistency and rapidity of deposition. 
A large or thick body is longer in being covered up and in 
order to escape decay before burial it must have firmness and 
durability of structure proportionate to the time required. 
Hence it is that fruits and twigs of any considerable thickness 
are rarely found except in such formations as bear evidence of 
having been suddenly or rapidly deposited, like travertines, 
tufa-beds, etc. In beds of slow formation 4s a rule only leaves 
are found. Those that give proofs of having been evergreen 
are most numerous because of the firmer consistency of ever- 
green leaves. But deciduous leaves also occur, partly perhaps 
because the chances are increased by the greater number that 
annually fall, and partly because thinner and more quickly 
covered. We thus have, in many parts of the world, large de- 
posits of dicotyledonous leaves ranging from the Cenomanian 
to the Quaternary, in which no other organs are preserved. 

The great importance, therefore, of finding some characters 
in these leaves which can be depended upon to reveal their 
relationships becomes obvious, and this was early perceived. 


* Proc. Amer, Assoc., ii, 115. 
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It being evident that the mere form or outline of leaves does 
not furnish the characters required these were sought in the 
disposition of the fibro-vascular bundles commonly called the 
nervation. A. P. DeCandolle in 1827 had classified leaves 
according to their nervation as an important fact or in vegetable 
organography, but vegetable paleontologists had not yet made 
use of nervation for the identification of fossil leaf-prints. 
These were all grouped together by Sternberg under his name 
of Phyllites and his successors had been content to follow in his 
footsteps. 

In 1838 Dr. G. Bianconi published an important paper on 
this subject in the Nuovi Annali delle Scienze naturali of Bo- 
logna (Ann. I, tom. i, p. 848) in which he made a direct appli- 
cation of the nervation to the study of fossil leaves. 

Two years later Rossmissler’s ‘‘ Versteinerungen des Braun- 
kohlensandsteins aus der Gegend von Altsattel in BOhmen” 
appeared, in which a large number of such leaves are very 
carefully figured. Rossmissler suggested, but did not adopt, 
the plan of calling such plants by generic names composed of 
the name of the genus of living plants presumed to be nearest 
related, with the old word phyllites appended as a termination, 
for example, Daphnophyllites for leaves resembling Daphne, etc. 
“In this way,” he says, “all possible repetition of a name 
already in use would be avoided, we should recognize the name 
as belonging to the ancient world, and they would announce 
themselves as the names of leaf-genera.” 

Brongniart (Prodrome, p. 209) had set the example of call- 
ing some of these leaf impressions by the names of living gen- 
era, and this was followed to some extent by Dr. Alexander 
Braun in determining the well-preserved specimens from the 
Oeningen beds, and more extensively by Dr. Franz Unger in 
studying those of Radoboj, Parschlug and Bilin. In January, 
1852, Leopold von Buch submitted to the Royal Academy of 
Sciences at Berlin (Monatsbericht, 1852, p. 42) an important 
paper on the nerves of leaves and the laws of their distribution, 
which may have furnished the impetus for Baron von Ettings- 
hausen’s extensive and fertile researches in this line which be- 
gan to be published in 1854, and in the prosecution of which 
he has availed himself so successfully of the art of nature- 
printing, or physiotypy. These researches and their constant 
application to the identification of fossil plants are too well 
known to require mention here, as are also those of the late 
Dr. Oswald Heer in making known the fossil floras of Switzer- 
land and the arctic regions. 

These investigators and their able contemporaries, Saporta, 
Lesquereux, Engelhart and others have described a vast num- 
ber of species from leaves alone and referred them to living 
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genera. In many cases they have done this for Eocene, and 
even for Cretaceous fossils, where the form and nervation 
seemed to justify it. In Heer’s arctic work this was sometimes 
done from incomplete fragments, and there are cases in which 
this has been afterward confirmed by the discovery of more 
complete material. 

But carefully as the laws of nervation have been worked out 
and laid down in systems, there is no one who does not feel 
that we are indebted more to the extraordinary skill and pene- 
tration of the authors of these systems in reaching correct con- 
clusions through their intuitive perceptions than we are to any 
power which such rules unaided by such perceptions can give 
to reach reliable results. Moreover, the investigator who above 
all others possessed this intuitive instinct, Professor Oswald 
Heer, is no longer in the field, others who so successfully 
labored with him have reached an advanced age and must ere 
long cease their labors, while younger men are springing up in 
many lands to take up and continue a work which seems as 
yet to have been only just begun. 

In such a field, from which if properly cultivated such rich 
harvests may be expected for science, which yet depends so 
largely upon the personal qualities of the investigator, it be- 
comes of the utmost importance that sound and safe methods 
be adopted, and that if any unsound or unsafe methods have 
been employed, as it may well be expected that there have 
been during the early history of the science, they be revised or 
rejected and new and better ones introduced. 

It is doubtless with a keen sense of this truth that Dr. A. G. 
Nathorst of Stockholm, upon whom Heer’s mantle seems to 
have fallen, at least so far as the arctic fossil floras are con- 
cerned, in a very recent paper in the ‘“ Botanisches Central- 
blatt” (Band xxvi, 1886) lifts up a warning voice. It is not 
the first time that he has called a halt in the too rapid and con- 
fident march of paleontology. The great commotion which he 
so recently produced in the Silurian waters has as yet scarcely 
ceased, and this paper seems likely to create an almost equal 
disturbance in those of the Cretaceous and Tertiary. 

Dr. Nathorst considers that in referring fossil leaves, where 
other organs are not known, to living genera vegetable paleon- 
tologists are in danger of claiming too much, and that the older 
the formation in which they are found the greater this danger 
is. He thinks that for Cretaceous species, such as those from 
the Cenomanian beds of Greenland and of Bohemia and from 
the Dakota group of the United States, such reference is 
wholly unjustifiable ; and even for Eocene and Miocene plants 
he says that the material must be abundant and in an excel- 
lent state of preservation to warrant this course. He believes 
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that Heer and others have gone much too far in this direction, 
and he points especially to recent “determinations” by Ettings- 
hausen of specimens from Australia (Denkschr. Wien. Akad. 
Bd. xlvii) and pronounces them worthless. And in this latter 
case, when we remember what important deductions relative to 
the character and distribution of the Tertiary flora are based 
upon these identifications in the same paper in which they are 
figured, we can scarcely complain that this criticism is too 
severe. 

The remedy proposed by Dr. Nathorst for this state of things 
is the adoption of a new system of nomenclature. He lays 
down the rule that the generic name of a fossil leaf should in- 
dicate just what we know about it and neither more nor less. 
To call such leaves by the names of living genera is to say 
more about them than we know. To obviate this he proposes 
to employ composite names consisting of the name of the nearest 
living genus with the suffix phyllum, the first component of 
which will indicate the supposed relationship while the last will 
denote that the genus is founded on leaves only. 

In addition to this Dr. Nathorst makes three other important 
recommendations, to which, however, very little objection will 
probably be raised. The first is that where leaf-impressions, 
apparently belonging to the same species, though differing 
slightly, are found in widely separated localities, the trinomial 
system be employed but without the abbreviation var., which, 
as he justly remarks, implies that the one is a variety of the 
other, a statement which we have no right to make. 

The second is that in all cases the types be carefully and 
thoroughly figured, so that even those who cannot see the orig- 
inal, can form a correct idea of their nature. To this end the 
surface and consistency of the leaf should be represented as 
accurately as possible, and the nervation should be shown even 
to the finest meshes, at least on some small part of the leaf, to 
indicate its true character. Mere contour lines are wholly in- 
adequate for the determination of fossil leaves. 

The third of these recommendations is that unless the speci- 
mens show good characters which admit of delineation and 
description they be regarded as indeterminable and no attempt 
be made to treat them as genera and species until better mate- 
rial is obtained. 

Dr. Nathorst’s paper concludes with an appeal to his co- 
laborers in phytopaleontology to unite with him in securing 
the adoption of these standards. 

In seriously considering these demands it is necessary to re- 
member that we have a certain state of things to deal with 
which is the product of a slow growth. Those who will most 
readily admit that the system of nomenclature proposed is 
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theoretically far superior to the one we already have must 
nevertheless see that the attempt, in the existing condition of 
things, to supplant the latter by the former, or even to engraft 
the former on the latter, will be attended by grave practical 
difficulties. Dr, Nathorst speaks as though he had only refer- 
ence to the future—to genera yet to be discovered and created. 
But it does not seem possible thus to limit it. There are now 
hundreds, probably a thousand, species referred to living genera 
which his rules would exclude. Are these to be left as they 
are? If this is attempted and the new method applied to sub- 
sequent species it will at once be found that species undoubt- 
edly belonging to the same genus will be classed under two 
genera. We shall have Fagus and Fagiphyllum, Quercus and 
Querciphyllum, Salix and Saliciphyllum performing one and 
the same réle in two parallel series. It is therefore clear that 
if the change is introduced at all it must be made retrospective. 
This, however, cannot properly be done except by the previous 
preparation of a systematic work in which all the cases shall 
be collected and unified. Under the present system of inde- 
pendent monographing of special floras unlimited confusion 
must result from any attempt to apply these new rules of nam- 
ing. But the nomenclature of paleobotany is already in a be- 
wildering state. Only to-day I met with a case in which no 
less than five different plants have been described under the 
same name (Odontopteris neuropteroides), two of these by one 
author from the same State, and the Mesozoic and Cenozoic 
species are only less confounded than the Paleozoic, so that it 
certainly is ample time that some all-embracing scheme of sys- 
temization were adopted. But as regards the plan proposed by 
Nathorst, which, it will be observed, differs but slightly in form 
and still less in principle from that suggested by Rossmiissler in 
1840, it is evident that before any steps can be taken looking 
to its introduction paleobotanists must know better how it is 
to be applied to the existing state of the science and what is to 
be done with the species already referred, however improperly, 
to living genera. 

The chief objection that lies against Phyllites is that instead 
of denoting a natural genus it includes a great number of 
wholly unrelated genera. The use of the suffix Phyllum might 
often be open to the same objection. Two generically distinct 
forms might both resemble a living genus but manifest their 
deviation from it in precisely opposite directions. We should 
then have two clearly distinct genera bearing the same generic 
name. 

The principle of creating extinct genera, the names of which 
connote their relationships with living ones has long been rec- 
ognized by the use of the terminations ztes, oides, opsis, etc., 
and some of these are founded on leaf specimens. Such would 
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require the substitution for these terminations of the new one 
phyllum. This would complicate matters, for many such 
genera have already been changed, and not a few are still in 
dispute, some authors treating them as identical with living 
genera. Schimper undertook to change all names in ¢es to ¢des, 
from considerations of etymological exactness, but he found 
such a trifling change as this so difficult that he abandoned it 
after the first volume, and in at least one case even then it had 
led to the introduction and separate description of the same 
genus twice (Paléontologie Végétale, vol. i, p. 579, Danwites, 
Gépp., p. 616, Danzides, Sch.). I mention these points in no 
spirit of cavil, but merely to illustrate with what practical diffi- 
culties any change in nomenclature is necessarily attended. 

With at least one of the minor suggestions of this highly 
suggestive paper I think I can say without further reflection, 
and from my personal experience with the cases involved, that 
I do not agree. The writer correctly perceives that in many 
cases where the material according to his strict canons is inde- 
terminable it may still be important to figure what we have in 
order to secure more general study and comparison, and he 
also, as I think, justly condemns the reference of all such 
cases to the meaningless (‘‘ nichtssagende”) genus Phyllites, but I 
cannot go with him to the further length of recommending that 
these objects after having been described and figured be left 
entirely without names. We have thousands of such cases 
now and they are becoming very troublesome in the literature 
of the science. Names are useful however intrinsically mean- 
ingless, in enabling us to refer to the objects named and to find 
them when we want them; and anything that is worth figuring 
is worth naming. I would therefore treat such cases like the 
rest, and make provisional genera for them according to the 
same rules by which they are made for better preserved mate- 
rial. In practice there will be found to be no clear line of 
demarcation between determinable and indeterminable material, 
but a broad belt will exist over which it will be the one or the 
other according to the views of different investigators. And if 
it be said that these genera will mostly have to be abandoned, 
thus encumbering the books, the reply is that the path of this, 
as of every other branch of paleontology, is strewn with 
abandoned names which all served a useful purpose in their day. 
Moreover, what Dr. Nathorst has the courage to say relative to 
species, viz: that notwithstanding the popular opposition ta 
multiplying species, the union of two impressions which do 
not belong together works more mischief than the separation 
of two that do belong together, will apply to genera as well as 
to species, and the dropping out of these provisional genera as 
their true affinities are ascertained will be attended with com- 
paratively slight disturbance. 


‘ 
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ArT. XXXV.—Pseudomorphs of Limonite after Pyrite; by 
Erastus G. SMITH. 


THE common hydrated oxides of iron generally referred to 
limonite are undoubtedly alteration products of ferrous ox- 
ide, or decomposition products of other iron-bearing min- 
erals. Their secondary nature is clearly demonstrable in 
the various occurrences where crystalline form is yet retained, 
giving clearly defined pseudomorphs of ferric hydrate after the 
original mineral. Numerous occurrences of such pseudomorphs 
after various minerals are recorded. 

The writer’s attention has been called recently to such an 
alteration of pyrite into ferric hydrate, which is of special inter- 
esi, as the crystalline form of the pyrite is sharply defined. A 
large number of the crystals were obtained—the largest cube 
being about one-fourth inch on aside. The color varies from 
a pale yellow to a dark brown, and in the largest nodule exam- 
ined the exterior exhibited the peculiar glossy appearance 
commonly observed on limonite. The crystals occur through 
the lower layers of the upper Buff division of the Trenton 
limestone at Carpenter’s Quarry, near Beloit, and partially line 
cavities distributed through the layers, the remaining space 
being in part filled with a finely granular calcareous sand. 
The limestone of these layers contains 2°23-1:42 per cent of 
mixed A],0,+Fe,O,.* All stages of metamorphism are repre- 
sented, repeated qualitative examination of smaller crystals giv- 
ing no reaction for sulphur, while some of the larger ones retain 
a kernel of the bright yellow, but slightly altered, original 
pyrite. The simple cube (7-7) is the most common form, though 
traces of a pyritohedron were observed in some instances. 

The following analysis is of a nodule weighing 26 grams. 
The exterior shows numbers of imperfect cubes, and the speci- 
men is evidently merely a larger aggregate of the altered pyrite. 
Its sp. gr. = 3°45 (temp. 14° C.). (Limonite = 36-4; pyrite 
4°82-5'2 Dana). 

II. 
06°25 per cent. 

Sulphur (S) 00°31 00°25 per cent. 
Ferrous oxide (FeO) 

Ferric oxide (Fe,O,) 

Calcium oxide (CaO) 

Magnesium oxide (MgO) - 00°40 

Loss on ignition 11°72 


* Geol. Wisconsin, vol. ii, p. 298. 


} 
99°84 
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The metamorphism is therefore quite complete. On boiling 
the powdered mineral with sulphuric acid and oxidizing with 
potassium permanganate an amount of the standard solution 
was required corresponding to 0°91 per cent FeO as given. 
The ratio of FeO toS is very nearly 1:1. The traces of CaO 
and MgO are probably foreign. If the silica is combined with 
a part of the iron in the form of a silicate as usually considered, 
the water and the remaining ferric oxide are in approximately 
the ratio represented by the formula assigned to limonite, 14°4 
per cent H,O, 85°6 per cent Fe,O,. Kobell* gives an analysis 
of a similar pseudomorph from Minden, SiO, 450, H,O 13°26, 
Fe,O, 82°24 = 100°00 per cent. The loss on ignition, as deter- 
mined in three different samples, gave 11°72, 11°90 and 11°15 
per cent respectively. The last determination was of the 
powder from several small quite perfectly developed crystals. 
Beloit College Chemical Laboratory, Beloit, Wisconsin, March, 1886. 


Art. XXXVI.—lJnjluence of Motion of the Medium on the 
Velocity of Light; by ALBERT A. MICHELSON and EDWARD 
W. Mortey.t 


THE only work of any consequence, on the influence upon 
the velocity of light of the motion of the medium through 
which it passes, is the experiment of Fizeau. He announced the 
remarkable result that the increment of velocity which the light 
experienced was not equal to the velocity of the medium, but 
was a fraction x of this velocity whicli depended on the index 
of refraction of the medium. This result was previously ob- 
tained theoretically by Fresnel, but most satisfactorily demon- 
strated by Hisenlohr,t as follows: 


A B B, 


| 
| 


D C, 


Consider the prism AC in motion relatively to the ether in 
direction AB with velocity 6. Suppose the density of the ex- 
ternal ether to be 1 and of the ether within the prism, 1+. 
In the time dé the prism will advance a distance Odt=BB, At 


* J, pr. Ch., 1°319 (Rammelsberg, Mineral Chemie, 185). 
+ This research was carried on by the aid of the Bache Fund. 
¢ Verdet. Conferences de Physique, ii, 687. 


= 
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the beginning of this time the quantity of ether in the volume 
BC, (if S=surface of the base of the prism,) is S@dt. At the 
end of the time the quantity will be Séd#1+4). Hence in this 
time a quantity of ether has been introduced into this volume 
equal to Sédtd. 

It is required to find what must be the velocity of the ether 
contained in the prism to give the same result. Let this veloc- 
ity be x#. The quantity of ether (density=1+4) introduced 
will then be Sa@dt(1+ 4) and this is to be the same as SédiJ, 


whence Ew bh But the ratio of the velocity of light in the 


external ether to that within the prism is , the index of refrac- 
tion, and is equal to the inverse ratio of the square root of the 
2 
densities, or n= V1+4 whence « =—— which is Fresnel’s 
nr 


formula.* 


* The following reasoning leads to nearly the same result; and though incom- 
plete, may not be without interest, as it also gives a very simple explanation of 
the constancy of the specific refraction. 

Let 7 be the mean distance light travels between two successive encounters 
with a molecule; then / is also the ‘mean free path” of the molecule. The time 


occupied in traversing this path is =—+—, where a is the diameter of a 
Vv 


t 
molecule, and b=/—a, and v, is the velocity of light within the molecule, and »v, 


b 
the velocity in the free ether; or if u= ° then a, In the ether the time 
Vv 


would be , hence att (1) 
v t, a+b 

If now the ether remains fixed while the molecules are in motion, the mean 

distance traversed between encounters will no longer be a+b, buta+a+5+ 6; 

where a is the distance the first molecule moves while light is passing through it, 

and 8 is the distance the second one moves while light is moving between the 


two. If 6 is the common velocity of the molecules then d= 7” and B= — 


v 
a b La b 
The time occupied 1s therefore — +——— or — +——. The distance traversed in 
v. Vv 


a+b 
this time is a+b+ therefore the resulting velocity +4, 
v—6 


b 0 
Substituting the value of n= 7 and neglecting the higher powers of = this 


a 


becomes a. (2) 


na+b 
v 
But % is the velocity of light in the stationary medium; the coefficient of @ 


a 
is therefore the factor x +— (3) 


It seems probable that this expression is more exact than Fresnel’s; for when 
the particles of the moving medium are in actual contact, then the light must be 


n?—1 
accelerated by the full value of @: that is the factor must be 1, whereas = on 


| 
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Fresnel’s statement amounts then to saying that the ether 
within a moving body remains stationary with the exception 
of the portions which are condensed around the particles. If 
this condensed atmosphere be insisted upon, every particle 
with its atmosphere may be regarded as a single body, and 
then the statement is, simply, that the ether is entirely unaf- 
fected by the motion of the matter which it permeates. 

It will be recalled that Fizeau* divided a pencil of light, 
issuing from a slit placed in the focus of a lens, into two par- 
allel beams. These passed through two parallel tubes and then 
fell upon a second lens and were re-united at its focus where 
they fell upon a plane mirror. Here the rays crossed and were 
returned each through the other tube, and would again be 
brought to a focus by the first lens, on the slit, but for a plane 
parallel glass which reflected part of the light to a point where 
it could be examined by a lens. 

At this point vertical interference fringes would be formed, 
the bright central fringe corresponding to equal paths. If now 
the medium is put in motion in opposite directions in the two 
tubes, and the velocity of light is affected by this motion, the 
two pencils will be affected in opposite ways, one being retarded 
and the other accelerated; hence the central fringe would be 
displaced and a simple calculation would show whether this 
displacement corresponds with the acceleration required by 
theory or not. 

Notwithstanding the ingenuity displayed in this remarkable 
contrivance, which is apparently so admirably adopted for 
eliminating accidental displacement of the fringes by extraneous 
causes, there seems to bea general doubt concerning the results 
obtained, or at any rate the interpretation of these results given 
by Fizeau. 


never be 1, The above expression, however gives this result when the particles 
2 


are in contact—for then 6=0 and 

Resuming equation (1) and putting a+b=/ we find (n—1)i=(u—1)a. But for 
the same substance w and a are probably constant or nearly so; hence (n—1)l 
1s constant. 


o ‘ 
But Clausius has shown that /=«——a, where « is a constant, o the density of 


the molecule; p, that of the substance; and a, the diameter of the “ sphere 

of action.” o and a are probably nearly constant, hence we have finally 

=constant. 


Curiously enough, there seems to be a tendency towards constancy in the 
product (n—1)l for different substances. In the case of 25 gases and vapors 
whose index of refraction and “free path” are both known, the average differ- 
ence from the mean value of (n—1)! was less than 20 per cent. though the factors’ . 
varied in the proportion of one to thirteen; and if from this list the last nine’ 
vapors (about which there is some uncertainty) are excluded, the average differ- 
ence is reduced to 10 per cent. 

* Ann. de Ch. et de Ph., III, lvii, p. 385, 1859, 
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This, together with the fundamental importance of the work 
must be our excuse for its repetition. It may be mentioned 
that we have tried to obtain formulated objections to these 
experiments but without success. The following are the only 
points which have occurred to us as being susceptible of im- 
provement. 

Ist. The elimination of accidental displacement of the fringes 
by deformation of the glass ends of the tubes, or unsymmetri- 
cal variations of density of the liquid, etc., depends on the 
assumption that the two pencils have traveled over identical 
(not merely equivalent) paths. That this is not the case was 
proven by experiment; for when a piece of plate glass was 
placed in front of one of the pencils and slightly inclined, the 
fringes were displaced. 

2d. The arrangement for producing the motion of the medium 
necessitated very rapid observation—for the maximum velocity 
lasted but an instant. 

3d. The tubes being of necessity of small diameter and only 
their central portion being available (since the velocity dimin- 
ishes rapidly toward the walls) involved considerable loss of 
light—which, having to pass throngh a slit was already faint. 

4th. The maximum velocity (in the center of the tube) 
should be found in terms of the mean velocity. (Fizeau con- 
fessedly but guesses at this ratio.) 

These are the suggestions which determined the form of 
apparatus adopted, a description of which follows: 

Lhe Refractometer.—After a number of trials, the following 
form was devised and proved very satisfactory. Light from a 
source at a (fig. 5) falls on a half silvered surface }, where it 
divides; one part following the path bcdefbg and the other 
the path b fe f ca This arrangement has the following advan- 
tages: ist, it permits the use of an extended source of light, as 
a gas flame; 2d, it allows any distance between the tubes 
which may be desired ; 3d, it was tried by a preliminary ex- 
periment, by placing an inclined plate of glass ath. The only 
effect was either to alter the width of the fringes, or to alter 
their inclination; but in no case was the center of the central white 
fringe affected. Even holding a lighted match in the path had 
no effect on this point. 

The tubes containing the fluid were of brass, 28™™ internal 
diameter ; and, in the first series of experiments, a little over 
8 meters in length, and in the second series, a little more than 
6 meters. The ends of these tubes were closed with plane 
ors plates of glass which were not exactly at right angles 

ut slightly inclined so as to reflect the light below the teles- 
cope, which would otherwise be superposed on that which 
passed through the tubes. The tubes were mounted on a 


| 
| 
| 
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wooden support entirely disconnected from the refractometer 
which was mounted on brick piers. 


EXPLANATION OF FIGURES. 


Fig. 1.—Vertical section through tubes. Fic. 2.—Plan of tubes. Fic. 3.— 
One end of tubes, showing glass plate inclined to axis. Fig. 4.—Gauge for ve- 
locity at different points. Fie. 5.—Plan of refractometer. 


The flow of water was obtained by filling a tank four feet in 
diameter and three feet high, placed in the attic, about 23 
meters above the apparatus, with which it was connected by a 
three inch pipe. The latter branched into two parts, and each 


~ 
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branch again into two; the two pairs being joined each to one 
of the tubes. The branches were provided with large valves, 
by turning which the current was made to flow in either direc- 
tion through the tubes and into a large tank, from which it 
was afterward pumped up to the upper tank again. The flow 
lasted about three minutes, which gave time for a number of 
observations, with the flow in alternating directions. 

Method of observation.—In the first series of observations a 
single wire micrometer was used in the eyepiece of the observ- 
ing telescope, but afterward a double wire micrometer was 
employed. The tubes being filled with distilled water, the 
light from an electric lamp was directed toward the central 
glass of the refractometer and the latter adjusted by screws till 
the light passed centrally down both tubes, and then the right 
angled prism at the further end adjusted till the light returned 
and was reflected into the telescope, where generally two im- 
ages were observed. These were made to coincide, and the 
fringes at once appeared. They could then be altered in width 
or direction by the screws, till the best result was obtained. 
A slight motion of one of the mirrors produced an inclination 
of the fringes, and the horizontal wire of the micrometer was 
placed at the portion of the fringes which remained fixed, notwith- 
standing the movement of the mirror. This adjustment was 
frequently verified, and as long as it was true, no motion of 
the tubes or distortion of the glasses could have any effect on 
the measurements. During this adjustment it was found con- 
venient to have a slow current of water, to avoid distortions on 
account of unequai density. 

The signal being given the current was turned on, and the 
micrometer lines set, one on each of the two dark bands on 
either side of the central bright fringe, and the readings noted. 
The difference between them gave the width of the fringe, and 
their mean, the position of the center of the central white fringe. 
This being verified the signal was given to reverse the current ; 
when the fringes were displaced, and the same measurements 
taken; and this was continued till the water was all out of the 
upper tank. Following is a specimen of one such set of ob- 


servations. 
No. 63. 


Direction of current, 
Micrometer wire, 


11°8 


1] 34 80 93 

13 35 71 8$& 

LO 40 73 90 

13 38 67 92 
14 40 65 89 

10 35 61 94 

37°0 69°5 91°0 


Motion of the Medium on the Velocity of Light. 383 


Width of fringe 48°8 60°5 
Mean width 54°6 + (3°0=index error) 
Displacement : 46°C 
Mean displacement 51°8 


(Long tube, vertical fringes, full current.) 


Velocity of water.—The velocity of the water in the tubes 
was found by noting the time required to fill a measured 
volume in the tank, and multiplying by the ratio of areas of 
tank and tube. This gave the mean velocity. In order to 
find from this the maximum velocity in the axis of the tube 
the curve of velocities for different radii had to be determined. 
This was done as follows: a tight fitting piston ab (fig. 4) con- 
taining two small tubes ¢, ¢, ¢, was introduced into the tube 
containing the water. ‘The ends of the tubes were bent at 
right angles in opposite ways, so that when the water was in 
motion the pressure would be greater in one than in the other. 
The other ends of the small tubes were connected to a U tube 
containing mercury, the difference in level of which measured . 
the pressure. The pressures were transformed into velocities 
by measuring the velocity corresponding to a number of pres- 
sures. Following is the table of results :— 

v 


Pressures. Velocities. Vp 
26 393 

108 804 771 
190 1060 76°9 
240 1190 76°8 


It is seen from the approximate constancy of the last column 
that within limits of error of reading, the square roots of the 
readings of the pressure gauge are proportional to the velocities, 

To find the curve of velocities along a diameter of the tube, 
the piston was moved through measured distances, and the cor- 
responding pressures noted. The diameter of the tube was 
about 28™™, while that of the small tubes of the gauge was but 
2™™, so that the disturbance of the velocity by these latter was 
small except very close to the walls of the tube. The portion 
of the piston which projected into the tube was made as thin as 
possible, but its effect was quite noticeable in altering the 
symmetry of the curve. 

In all, five sets of observations were taken, each with a 
different current. These being reduced to a common velocity 
all gave very concordant results, the mean being as follows: 
«x=distance from the axis in terms of radius; v=correspond- 
ing velocity in terms of the maximum. 


51°8 
A=———='899. 
57°6 
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1:000 
974 
"929 
671 
‘000 
The curve constructed with these numbers coincides almost 
perfectly with the curve 


v=(1—2’) 


1 -165 
The total flow is therefore (l—2*) The area 
0 


of the tube being z, the mean velocity =; ,, of the maxi- 
mum; or the maximum velocity is 1°165 times the mean. 
This, then, is the number by which the velocity, found by 
timing the flow, must be multiplied to give the actual velocity 
in the axis of the tube. 


Formula. 


Let Z be the length of the part of the liquid column which is in 
motion. 
w= velocity of light in the stationary liquid. 
v = velocity of light in vacuo. 
6 = velocity of the liquid in the axis of tube. 
6x = acceleration of the light. 


The difference in the time required for the two pencils of 
light to pass through the liquid will be te ee ee 
very nearly. If 4 is the double distance traveled in this time 
in air, in terms of A, the wave-length, then 
416n°x Av 
A= whence = tnd 4. 
A was taken as ‘00057 cm. 
‘= 30000000000 cm. 
“= 1°78. 

The length 7 was obtained as follows: The stream entered 
each tube by two tubes a, b (figs. 1, 2) and left by two similar 
ones d,c. The beginning of the column was taken as the in- 
tersection, 0, of the axes of a and 3b, and the end, as the inter- 
section, o’, of the axes of d and c. Thus /=o0’. J is found 
by observing the displacement of the fringes; since a displace- 
ment of one whole fringe corresponds to a difference of path of 
one whole wave-length. 


i 

| 
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Observations of the double displacement J. 


Ist Series. 7 = 3°022 meters. 
meters per second. 
4 = double displacement; w= weight of observation. 
A. w. A. 
“529 

“474 
“478 
“499 
“460 "558 
504 “470 

2d Series. 

A. A. 

891 ‘909 
883 899 
*832 
*863 837 
*843 *848 
820 

3d Series. /=6:151, 

A. w. A. 

11°9 *636 


If these results be reduced to what they would be if the tube 
were 10™ long and the velocity 1™ per second, they would be 
as follows: 


Ss 


AAS! 


w 


he 
Det 
~ 


or 


bo to 


TORK 


A. w. 
‘619 6°5 


ws 


Series. A. 
1 "1858 
"1838 
3 °1800 
The final weighted value of J for all observations is 4=-1840. 
From this, by substitution in the formula, we get 


« = ‘434 with a possible error of +02. 


2 
= °437. 


The experiment was also tried with air moving with a 
velocity of 25 meters per second. The displacement was about 
ztv Of a fringe; a quantity smaller than the probable error of 


observation. The value calculated from aed, would be :0036. 


It is apparent that these results are the same for a long or 
short tube, or for great or moderate velocities. The result was 
also found to be unaffected by changing the azimuth of the 
fringes to 90°, 180° or 270°. It seems extremely improbable 
that this could be the case if there were any serious constant 
error due to distortions, etc. 
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385 
A. 
.510 
504 
473 
"557 
560 | 
544 
Ww. w. 
82 6°6 
08 5°9 
65 2-0 
67 3°3 
A. w. 
4°4 
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The result of this work is therefore that the result announced 
by Fizeau is essentially correct; and that the luminiferous ether 
ts entirely unaffected by the motion of the matter which it permeates, 


ArT. XXXVII.—Nole on the Structure of Tempered Steel ; 
by C. Barus and V. STROUHAL. 


In view of the experiments on the structure of steel by Dr. 
Hennig * now in progress in Professor Kohlrausch’s laboratory, 
we avail ourselves of the permission of the Director of the 
Geological Survey and of the Editors of this Journal, to insert 
a brief but typical example of our own results here. The 
complete paper will appear in Bulletin No. 35 of the Geological 
Survey, now in the hands of the Public Printer. 

The steel cylinder (length 6cm., diameter 8 cm., weight 332 g.) 
to which the data refer was quenched glass-hard in the ordi- 
nary way. The consecutive cylindrical shells were then re- 
moved by galvanic solution, and the necessary measurements 
made to determine the density of each. 

Let J be the density (0°C.) of the consecutive cores. Let 
R, @, 6, be the mean radius, thickness and density, respectively, 
of the consecutive shells. Then if the nth core be left after the 
removal of n shells, the table gives the digest in question. 


Shell or 
core No. A. R, Remarks. 
0 78337 Before quenching. 
0 T7744 After quenching. 
1 1°49 0:02 7'807 
2 T7727 1°47 0°03 
3 77742 1°43 0°03 7739 
4 1°40 003 7794 
5 77750 1°37 0°03 
6 T7784 1°33 0°05 7737 
7 77813 1°28 0°05 7°743 
8 TT817 1°23 0°05 7776 
9 77841 1°19 0°03 7735 
10 77869 1°15 0°05 7751 
1] 7°7894 1°10 0°05 7°762 
12 77919 1°05 0°05 
13 T7911 1°00 0°05 
14 77937 0°96 0°04 7760 
15 T7979 0:92 0°04 7°745 
16 77999 0°88 0°04 T7176 
17 T8017 0°84 0°04 7781 
18 78013 0°80 0°05 7805 Core perceptibly fileable. 
19 78027 0°75 0°05 7°792 
20 78009 0°69 0°07 7811 


Warlington—-Prague, April, 1886. 


* Wied. Ann., xxvii, 351, 1886. 
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Art. XXXVIII.—Brookite from Magnet Cove, Arkansas ; by 
SaMvuEL L. PENFIELD. 


FINDING in the collection of Professor Geo. J. Brush a very 
beautiful crystal of brookite from Magnet Cove, which differs 
very much in habit from the ordinary crystals which I have 
seen, I thought it would be of interest to give not only a de- 
scription of it, but also to figure and describe some of the forms 
which are common at the locality. The crystals are of the 
variety called Arkansite by C. U. Shepard,* and as far as I can 
learn very little has been written concerning them in our 
American journals. The common forms, corresponding to fig- 
ures 1 and 2 of this article have been figured and fully described 
by G. vom Rath,t together with the pseudomorphs of rutile 
after brookite which occur at the locality. My examination 
has been confined to cabinet specimens in the collection of Pro- 
fessor Geo. J. Brush and the Yale College cabinet, and nothing 
can be said concerning the geological relations of the mineral. 
The crystals are frequently loose or are attached to smoky 
or milky quartz; they vary in size up to 2™ in diameter. 
Although usually possessing polished faces, there are vicinal 
faces occurring with both prisms and pyramids which make 
accurate measurements with the goniometer difficult. The 
best measurements agree closely with those given by N. von 
Kokscharow.{ The observed forms are: 

e, 122, 1-3 a, 100, 7-2 
2,112, 4 m, 110, I 
X, 124, 3-3 t, 021, 2-% 

Of these forms, e is the most common, occurring frequently 
alone, usually, however, in combination with m. This latter 
combination is especially interesting when the prism is of such 
a size that it meets the four planes of the pyramid at the ex- 
tremity of the d axis, forming there a solid angle of six faces ; 
fig. 1. This combination is very common and appears like a 
doubly terminated hexagonal pyramid. The brachydiagonal 
pole edge of ¢ is inclined 60° 42’ to the vertical axis, so that 
the projection of the six faces upon the brachypinacoid would 
be almost a perfect hexagon. As a rule, the faces of the prism 
vary in lustre from the pyramid and the frequent truncation of 
the vertical edge of m by the macropinacoid a serves as a ready 
means of orientation. The next most frequently occurring 
pyramid is z, which usually occurs beveling the brachydiagonal 
pole edge of e; fig. 2, showing also the prism m, a very common 
combination. The brachydome ¢ is not socommon as the above 


* This Journal, IT, ii, 250. + Pogg. Ann., clviii, p. 407. 
¢ Materialien zur Mineralogie Russlands, i, 61. 
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mentioned forms and usually appears with very small faces. 
One hand specimen of a very much decomposed siliceous rock 
contained a great number of small lustrous crystals about 2™™ 
in diameter, which show a very large development of ¢, fig. 
3, but I have seen no large crystals with this habit. The 
macropinacoid a appears very frequently, but seldom largely 
developed. 

The crystal which first attracted my attention is about 
7™™ in its greatest diameter with very lustrous faces and sym- 
metrical development; it is only a fragment. It shows all of 
the forms mentioned above with the addition of y, which bevels 
the macrodiagonal pole edge of z. y is a rare pyramid in this 


species, and was first identified by von Leuchtenberg * on crys- 
tals from the Urals. The planes are arranged as in fig. 4. It 
will be noticed that the prominent pyramid is here z, while e is 
very subordinate. I have been able to find no duplicate of 
this crystal. Except the large rough crystals which are wholly 
changed into rutile, and which have the habit shown in fig. 4, 
only with more prominent prismatic development; all that I 
have seen show the pyramid e largely developed. The two 
pyramids z and e might be mistaken for one another were it 
not for the prism m which serves for orientation. 

The angles which were measured and served for the identifi- 
cation of the faces (on crystal shown in fig. 4) are given in the 


* Materialien zur Mineralogie Russlands, vi, 204. 
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following table, together with the corresponding angles taken 
from Kokscharow. 


KoxkscHAROW. 
44° 193’ 44° 
53 37 53 
53 42 53 
44 30 44 
28 39 28 
28 41 28 
17 34 17 
80 6 
99 514 
40 4 
53 40 
53 40 
55 «6418 
55 194 


Zaz 


XAX 


bo bo bo 


mam 


aam 


Mat 


It will be noticed that the angles agree closely with those 
given by Kokscharow, and a consideration of those angles cal- 
culated to determine the monoclinic symmetry of the crystal, 
i.e, maz and mat give us no sufficient ground for assuming 
that the crystallization is other than orthorhombic. The reflec- 
tions from the faces of these crystals are usually not very 
sharp; those from the one shown in fig. 4 are, however, an 
exception. In this crystal vicinal faces lay in the prismatic 
zone making an angle of 0° 39’ with m, and with the front 
edge of the vicinal prism measuring 81° 22’. There is also a 
vicinal pyramid inclined 0° 21’ to 2, and in the zone 2, e, the 
vicinal faces being nearest to e and showing faint though 
distinct reflections. 

The gravity of this crystal taken very carefully is 4°084. 

Mineralogical Laboratory, Sheffield Scientific School, March 20, 1886. 


SCIENTIFIC INTELLIGENCE. 
I. PuHysics AND CHEMISTRY. 


1. On the Critical Temperatures and Pressures of certain 
Gases.—VinceNnt and Cuappuis have determined the critical 
temperatures and pressures for two series of compound gases, the 
members of each series differing from one another by CH,. In 
the first series were ammonia and the three methylamines; in the 
second, hydrogen chloride and the chlorides of methyl and ethyl. 
The experiments were made in the Cailletet apparatus, the tubes 
being filled with ammonia or hydrogen chloride by simple dis- 
placement. The other gases were previously liquefied, and were 
contained in vessels connected with the laboratory tube by means 
of a three-way cock, leading to a mercury pump. The tube was 
carefully exhausted and then the gas was allowed to enter. About 
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5 or 6 centimeters of this tube remained filled with the gas when 
the liquefying point was reached. A carefully compared Baudin 
thermometer was plunged in a cylinder of water enclosing the 
tube, the temperature of which could be altered at will. Careful 
regulation of the pressure enabled the phenomena of appearance 
and disappearance of the meniscus to be produced within 1°. 
For hydrogen chloride the critical temperature was found to be 
51°5°, the critical pressure 96 atmospheres. Methyl chloride may 
be compressed to 200 atmospheres at 142° without the appearance 
of a meniscus; but at 141°, the liquid is distinctly seen. The 
critical temperature is then 141°5° and the pressure 73 atmospheres. 
Ethyl chloride has its critical point at 182°5° and at 54 atmospheres. 
Ammonia gas has a critical temperature of 131° and a pressure of 
113 atmospheres; corresponding closely with the values obtained 
by Dewar, 130° and 115 atmospheres. The critical point observed 
for monomethylamine was 155°, for dimethylamine 163°, and for 
trimethylamine 160°5°; the corresponding pressures being 72, 56 
and 41 atmospheres respectively. Comparing the above temper- 
atures with each other, it appears that while they progressively 
increase with the molecular complexity, their differences diminish. 
Comparing them with the critical pressures, it will be noticed 
273+T. 
— it 
P 
creasing slowly as the size of the molecule increases; contrary to 
the results obtained by Dewar for the simpler gases in which 
both pressure and temperature increased together. His figures 


show that the ratio si is nearly constant and has a mean value 
of 3-5, The values of the present paper are for hydrogen chloride 
and ammonia 3°4 and 3°5 respectively; while methyl chloride 
gives 5°7, ethyl chloride 8°4, monomethylamine 5°9, dimethyl- 
amine 7°9, and trimethylamine 10°5.—J. Physique, I, v, 58, Feb- 
ruary, 1886. G. F. B. 
2. On the Double Refraction produced by Metallic films.— 
Kuwpt, desiring to prepare transparent films for his investiga- 
tions on the rotatory magnetic polarization of the metals, made 
use of the method of Wright* for this purpose; i. e., showering 
down the material forming the negative electrode upon a glass 
plate in an exhausted receiver. - But when the films thus prepared 
were placed between two crossed Nicol prisms he was surprised 
to find them double refracting. This phenomenon was observed 
with platinum, palladium, gold, silver, iron and copper. If the 
cathode is placed perpendicularly to the glass plate the deposit is 
slightly conical; so that when placed between the two Nicols, in 
parallel light, a black cross is seen in a bright field, the arms of 
which correspond with the planes of polarization of the Nicols. 
Kundt has shown that this effect cannot be due to the conical 
form of the deposit, to a state of tension of the metallic film, nor 


* This Journal, III, xiii, 49, Jan.; xiv, 169, Sept., 1877. 


that they vary inversely as these pressures, the value - 
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to strain in the glass. Since gold, silver and copper are generally 
considered isometric the above experiments would seem to prove 
that they may be dimorphous. This sort of crystalline arrange- 
ment of the metallic particles the author attributes to the fact 
that the cathode particles are directed by the electric discharge 
and these particles have therefore an electric orientation. If the 
metal is oxidized, the double refraction disappears. Moreover 
similar films electrolytically deposited are not doubly refractive. 
He has observed moreover that the color of a silver layer thus 
obtained is variable with the temperature of the electrode and 
with the nature of the gas in the receiver. If such a film showing 
a blue color be examined with a dichroscope, it will be observed 
to be strongly dichroic.— Wied. Ann., Il, xxvii, 59, January, 
1886. G. F. B. 

3. On the continuous production of Oxygen by the action of 
Caleium hypochlorite upon Cobalt oxide.—Biper has modified 
and improved Rosenstiehl’s apparatus for obtaining oxygen by 
the action of cobalt oxide upon a solution of calcium hypochlorite. 
The generating vessel is a three-necked Woulff’s bottle, having a 
lateral tubulure at bottom. In this bottle the cobalt oxide is placed, 
the hypochlorite solution being poured upon it through the middle 
tubulure, and the evolved gas passing off through one of the 
lateral ones. The third tubulure carries a safety tube. The 
delivery tube branches, one part going to the combustion tube or 
other place where the oxygen is needed; the other, to a two- 
necked bottle of 5 or 6 liters capacity, which acts as a gasometer. 
The second neck of this bottle carries a tube passing to the bottom, 
which is connected with the water supply. A lower lateral 
tubulure carries a recurved tube which rises to the top of the 
bottle and delivers the overflow. If the cock on the first branch 
of the delivery tube is closed, the oxygen generated passes into 
the gasometer, forcing out the water. This gasometer thus acts 
as a regulator causing the current of oxygen to be perfectl 
steady; even while the hypochlorite solution is being changed, 
as it may be through the lower tubulure of the generating flask. 
—Bull. Soc. Chim., I, xlv, 81, January, 1886. G. F. B. 

4. On the direct fixation of Atmospheric Nitrogen by certain 
argillaceous Soils.—During the past two years, BertHELor has 
conducted a set of experiments at the agricultural station of 
Meudon, with a view to determine quantitatively the action of 
argillaceous soils in fixing atmospheric nitrogen, in virtue of the 
microscopic organisms which they contain. The experiments 
were arranged in five series, carried on simultaneously, and neces- 
sitating more than 500 analyses. The soil in the first series was 
preserved in a closed room; in the second, in the open field under 
shelter; in the third, on the top of a tower 28 meters high, with- 
out shelter; in the fourth, in hermetically closed flasks; and in 
the fifth it was sterilized. After giving in detail the results of 
the experiments, the author concludes that they establish the fact 
that the soils examined, both sandy and argillaceous, possess the 
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property of slowly fixing free atmospheric nitrogen. This prop- 
erty is independent of nitrification as well as of ammoniacal con- 
densation. . And since the compounds formed are complex and 
insoluble amides of the character of those existing in living 
animals, it must be attributed to the action of living organisms. 
It is not manifested in winter, but is operative throughout the 
season of active vegetative growth. A temperature of 100° 
destroys it. It goes on as well in a closed vessel as in contact 
with the atmosphere; as well in the free air at the top of a tower 
as under cover in the vicinity of the soil covered with vegetation, 
or within a closed room in the interior of a building. It takes 
lace in the dark though less actively than in the light. The 
gures obtained show that the amount of nitrogen which would 
be fixed by one hectare of surface would be, during a single 
season, for a yellow sand 20 kilograms; for a second sand 16 to 
25 kilograms; for a clayey soil 32 kilograms.— Bull. Soc. Chim., 
II, xlv, 121, February, 1886. G. F. B. 
5. On the Combustion of Carbon monowide and of Hydrogen. 
—In 1880, Dixon showed that a mixture of perfectly dry carbon 
monoxide and oxygen did not explode by the electric spark; but 
that even a minute trace of water or of a volatile body containing 
hydrogen, rendered the mixture inflammable. He accounted for 
this result by supposing the steam present to act as a carrier of 
oxygen, itself undergoing reduction thus: (1) CO+H,O=CO, 
+H and (2) (H,),+0O,=(H,O),. To settle, if possible, the 
question as to the mode in which the steam acts he has now 
published a new series of experiments. He finds for example 
that small quantities of H,O, H,S, H,C,, H,CO,, H,N, H,.C,, 
HCl invariably cause the explosion, while SO,, CS,, CO,, N,O, 
C,N, and CCl, do not. Hence he concludes that the steam does 
not act simply as a mere third body, but in virtue of its own 
peculiar chemical properties. He then studies the two reactions 
above given. As to the reduction of steam by carbon monoxide, 
that fact was established by Grove in 1846, when he discovered 
“the curious reversal of affinities.” Dixon’s experiments were 
conducted in a eudiometer containing two platinum coils. When 
carbon-monoxide and steam were heated to dull redness for six 
hours 5°2 volumes of CO were oxidized and 5:2 volumes of H pro- 
duced, out of 100. At full redness for the same time 11°7 per 
cent and at bright redness 14°3 per cent of the CO was converted 
into CO,. When CO, and H were subjected to the action of the 
hot platinum in the same tube, practically the same state of 
equilibrium was reached. If, however, the CO, formed in the 
first case, or the H,O in the second, be removed as fast as pro- 
duced, then the oxidation of the CO in the one and the reduction 
of the CO, in the other become complete. Induction sparks pro- 
duce in both cases similar results. When the quantity of steam 
present is increased, the amount of CO oxidized is also increased. 
At a vapor tension of 18"", 3 per cent, at 102™" 11°6 per cent 
and at 214™™ 21°4 per cent of hydrogen was formed. Having 
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thus shown the actual occurrence of the two reactions specified, 
the author goes on to discuss Traube’s theory that hydrogen per- 
oxide plays a part in the process; concluding that the facts do 
not support this hypothesis while they are satisfactorily explained 
by the theory he has offered.—J. Chem. Soc., xlix, 94, Feb., 
1886. G. F. B. 


Il. GroLtocy anp NATURAL History. 


1. Gas- Wells on Anticlinals.—Prof. I. C. Wurtre,* of the Penn- 
sylvania Geological Survey, has a paper on “The Geology of 
Natural Gas,” in the Petroleum Age for March, in which, as in 
a paper in Science of last June, he presents evidence for the 
conclusion that the underground gas-accumulations of western 
Pennsylvania exist chiefly along very low anticlinals, and illus- 
trates the subject with a map, giving the positions of the anticli- 
nal axes and the gas-wells, from the maps of the Pennsylvania 
survey and partly his own examinations. The few apparent ex- 
ceptions among the large wells he refers to the existence of trans- 
verse anticlinals (whose positions he also indicates on his map), 
these making an arching in a synclinal at the crossing. The syn- 
clinals are stated to be regions of subterranean waters and hence 
of comparatively little free or available gas, where there is any. 
He mentions, besides other facts, the case of a well recently 
located by him on the great Saltsburg axis, north of the town of 
Grapeville, which, on reaching into the “ Murraysville sand” a 
few weeks ago, yielded an immense flow of dry gas. In contrast, 
a party from Greensburg put down a well one mile east of the 
crest of the same arch or anticlinal, at a locality where the dip had 
carried the rocks down 250 feet, and got an immense supply of 
water, and consequently what little gas came up was worthless. 
Mr. White states the fact from Illinois of recent observation (re- 
ceived by him from Mr. L. R. Curtiss, of that State): that along 
the low anticlinal in Illinois whieh extends from Ogle County 
S. 20° E. through Lasalle and Champaign Counties, and thence to 
Coles and Clark Counties in the southeastern part of the State, 
“natural gas can be traced in springs and well-borings for a dis- 
tance of 160 miles; but it is more prevalent on the crowns of the 
cross anticlinal axes, as notably the case at Mendota. 

The gas-wells at Erie and Fredonia, N. Y., have been instanced 
as exceptions to the general rule; but the supply of gas at these 
places is small, only 20,000 to 60,000 cubic feet daily, according 
to Professor Orton; while the great gas-wells deliver daily mil- 
lions of cubic feet, some in the Murraysville field, it is reported, 
yielding thirty-three millions per day. “The first Murraysville 
well has been delivering more than twenty millions of cubic feet 
of gas daily for nearly ten years; and, with many other wells in 
close proximity, the volume has not been appreciably diminished.” 
Moreover, Mr. White says that he finds, on recent examination, a 


* The name J. C. White, on page 228 of this volume, should be I. C. White. 
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very low anticlinal at Erie and Fredonia parallel to Lake Erie. 
Ohio has afforded large gas-wells only along anticlinals; ‘“ Ken- 
tucky, Illinois and West Virginia tell the same story.” 

The subterranean gas-horizons in Washington County, Pa., are 
stated to be three: the first, 900 feet below the Pittsburg coal, 
the second 1,800 feet, the third 2,000 feet. ‘The first is from the 
conglomerate No. XII, about 200 feet above the Subcarboniferous 
limestone, and the pressure of the gas seldom exceeds 300 pounds 
to the square inch. The horizon is that of the first Venango oil- 
sand, and is the “gas horizon par excellence of southwestern 
Pennsylvania ”—being that of ‘ Beaver, Allegheny, Butler and 
Westmoreland Counties,” and of Wellsburg, West Virginia. 
The sand-rock is identified by Orton with the Berea grit of Ohio. 
The pressure in the Murraysville region (Westmoreland Co.) sel- 
dom exceeds 650 pounds to the square inch. The wells at Erie, 
which go down 600 to 700 feet, show a maximum pressure of only 
40 to 50 pounds. 

In another paper in the same number of the Petroleum Age, 
some of the advantages of gas for fuel are stated to be the follow- 
ing: ranges and furnaces of dwelling houses and factories may 
be lit up or extinguished in an instant; a steady heat is secured 
without attention; and no ash or flying dust accompanies the 
management. In one of the great factories of Pittsburg the 
twenty-four boilers that used to require the care of eighteen men 
day and night when coal was used, now need the care of only 
two. Storage of fuel is avoided; furnaces last longer; sulphur 
is not supplied from the fuel to injure the iron and steel produced. 
“There is one exception—it cannot be used in cupolas.” 

2. Volcano of Barren Island in the Bay of Bengal.—A de- 
tailed description of the Barren Island volcanic cone by Mr. F. R. 
Mallet, is contained in vol. xxi, Part 4 of the Memoirs of the 
Geological Survey of India. The position and features of the 
island have given it a prominent place in works on volcanos. 
This island has a diameter of two miles, the cone of about one. 


as 


The outer slopes of lava rise to a height of about 1100 feet, at 
an angle of nearly 25°, but are broken through to within 100 feet 
of the sea-level on the west side. The interior is a great amphi- 
theater, in which stands the central cone, 1,000 feet at summit 
above tide level, whose sides have a surface of cinders or ash, and 
an even slope of 32°. This angle may have been reduced since 
the last ejection of cinders, by the rains which are heavy in this 
region. The accompanying figure is a reduced copy of one of 
the partially ideal sections illustrating Mr. Mallet’s paper. 
Rugged bare lava streams, having a scoriaceous crust, almost 
encircle the inner cone at its base ; and projections of lava at two 
points high up the sides of the cone show that streams of lava have 
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descended from breaks in its sides. The appearances indicate 
comparatively recent action, perhaps within a century. The 
inner cone, according to Mr. Mallet, has certainly been made 
within the last 1800 years. No evidence of the asserted presence 
of the sea at any time within the limits of the amphitheater was 
found. 

The heat below still gives rise to fumaroles and hot springs. 
Notwithstanding the “heavy tropical rains,” the island has no 
surface streamlets, all the waters becoming subterranean. The 
water of the principal hot springs is brackish—containing over 
200 grains of saline matter to the gallon. 

The lava is mostly doleritic or basaltic, and much of it contains 
chrysolite. The formation of the amphitheater and the break in 
it on the west side are attributed to a “ blowing away of the upper 
and central part of the cone by a great explosive eruption,” like 
that of Krakatoa, Aug. 27, 1883. 


The expression explosive eruption, which is above used and is 
common In accounts of violent volcanic action, is misleading. It 
seems to imply that in such eruptions, the top of the lava-made 
cone is projected off in the explosion, and that by this means 
came .the great crater-area and its encircling walls; or that the 
ejections upward from the vent ure the chief means of making the 
great cavity. But no one has yet reported the occurrence of 
large masses or slabs of the once stratified lavas from the lost 
part of the cone scattered over the remaining outside slopes, or 
shown that the outflow of lavas at the eruption may not have 
great undermining action. 

Volcanic action in a crater, where there are liquid lavas, is 
largely a pseudo-boiling process; and the confined vapors of the 
enlarging bubbles, forcing an escape, are the chief projectile 
agency through which the more terrific explosive phenomena are 
produced, as well as the gentler of Kilauea-like type. Aug- 
mented activity means an augmented and more rapid escape of 
vapors through the viscid lavas; it means also augmented heat 
and a consequent extension of the region of liquid lavas, at and 
below the surface, by fusion of the adjoining solid lavas, and 
hence augmentation in explosive action. Cinder cones made 
about the vent in the quieter times may be destroyed by the 
projectile violence or become engulfed in the spreading region of 
fusion ; and the rocks of the crater throat may be to some extent 
torn off and added to the ejectamenta. Finally, in the catas- 
trophic eruption when the force from the rising vapors and from 
other conditions becomes greater than the mountain can with- 
stand—a point often abruptly reached—the sides break and one 
or more fissures let out the liquid lavas. However explosive the 
action, the solid rock of the summit of the cone, while it may be 
more or less removed by the forces engaged, instead of being 
projected over the outer slopes, sinks down into the abyss so 
made. Thus a volcanic cone under the most formidable of explo- 
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sive eruptions may lose its head; but if so, it is by swallowing 
it, or simply by a collapse. The same is the process in quiet 
Kilauea : the solid lavas of the borders of the fiery region sink 
because the discharge of the liquid rock makes a void beneath 
them. 

Vesuvius, through the viscidity of its lavas and its sources of 
vapors, has at times vast projectile force, and much is often attri- 
buted to its blowing powers; as in such sentences as this: “ broke 
up and blew into the air the whole upper part of the cone.”* But 
its processes are in the main, as in Kilauea, (1) filling, (2) dis- 
charging, (3) collapsing. It alternates in its conditions between 
a volcano with a profound crater and one with a top plain—the 
“altopiano” of Italian writers. The crater pit (sometimes 1000 
feet deep) slowly fills by small ejections within it of lava and 
cinders.t Outflows of lavas from fissures in the mountain’s side 
may occur at different stages in the filling; but usually the work 
goes on, with no great outbreak, until the cavity is full and a 
top-plain of solidified lavas, a mile or more in circuit, takes its 
place, with nothing left of the crater except the vent of a cinder- 
cone. If the fires now increase in activity, the plain may mostly 
disappear by the formation over it of a large cone (or two or 
more of them) about an area (or areas) of boiling lava throwing 
up lapilli, lava-masses, and bombs from the vent. Then, if an 
outbreak of the grander kind takes place, discharge upward of 
lava-fragments to great heights accompanies discharge outward- 
and-downward of lavas through opened fissures; and a collapse 
results owing to the loss by the upthrow and outflow ejections ; 
consequently, what is left of the top-plain and its cones, with 
sometimes an upper portion of the great cone disappears by sub- 
sidence. Thus it happened at the eruption of May 31st, 1806 ; 
for Signor G. Zorda, speaking of it, says: “a considerable part of 
the summit fell into the volcanic abyss;”{ and facts enough are 
reported to show that the same took place at the grander eruption 
of 1822. In the smaller eruptions of Vesuvus the “ altopiano ” 
often undergoes little change, because the undermining is not 
sufficient for more; and after a while cinder-eruptions may be 
resumed ; consequently after such eruptions, as Scacchi observes, 
the height of Vesuvius may become increased. 

The writer, at a visit to Vesuvius in July, 1834, found the 
summit a plain—the altopiano—with a small spurting cinder-cone 
near its center. A red heat existed 10 to 20 inches down in 
many fissures over the plain, and at one place a stream of lava, 
4 to 5 feet wide, emerged and flowed off down the mountain.$ 
A month later, in August, a great eruption occurred, the lava 

* Scrope on Voleanoes, p. 17. 

t+ Well described by Scacchi for the interval 1840 to 1855, in his Eruzione 
Vesuviane del 1850 e 1855, Napoli, 1855. 

¢ Relazione, etc., Napoli, 1806, in Scacchi’s Memoir on Vesuvius, 1855, p. 15. 

§ On the condition of Vesuvius in July, 1834, this Journal, xxvii, 281, 1835. 
For a sketch of the cone as it then appeared, see the writer’s Text-book of Ge- 
ology, p. 130. 
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flowing eastward far toward Torcigno. M. Abich, who was then, 
as he reports, studying the volcano, after describing the top-plain 
and its cinder-cone as seen by him before the event, states that at 
the eruption, that platform of lava subsided and opened to view 
the interior of the large cone.* 

Another great eruption took place in January of 1839, sending 
forth large streams of lava, and leaving a great funnel-shaped 
crater at top, 300 feet deep. The mode of origin of the depres- 
sion is not stated; but it may well have come chiefly from the 
discharge of lava, for three years of quiet intervened before the 
emptied mountain had again much activity in the crater.t The 
“ altopiano” was again the top of the filled crater before the close 
of 1845, but no prominent eruption occurred before 1850, and this 
left the summit-plain at the top occupied mostly by two very 
broad and low cones each with a deep crater. 

The processes at Vesuvius are essentially those of Kilauea, and 
the variations in amount of subsidence about the active lava vents 
are similar. But in the crater of more liquid lavas, Kilauea, the 
discharge occasioning the subsidence or collapse is almost wholly 
that of outflowing lavas, the upward discharge by the projectile 
force from rising vapors being small. 

The lava eruptions are spoken of above as through fissures, 
because the descriptions show this to be as much the fact at 
Vesuvius as at Kilauea. The forces engaged break the sides of 
the mountain along the upper or the lower slopes, or both, on one 
side or the other of the cone, and the lavas flow out, leaving dikes 
as registers of the number and directions of the ejections. The 
overflows from the summit are insignificant compared with outflows 
from lower levels; the cup is full it is true; but nearly all the 
lava is below the level of the top. Von Buch’s observation that 
the lava of 1805, shot suddenly, before their eyes, from top to 
bottom of the cone in a single instant, or, as a calculator inter- 
prets it, “many hundred feet in a few seconds,” repeated by 
Lyell and others, is explicable only on the view that a fissure 
or a series of fissures opened down the mountain and let out 
the lavas “in a single instant” from top to bottom. Fissures 
can be opened, as Kilauea shows, without an earthquake to 
announce the event. J.D. D. 

3. Kruption at Kilauea, Hawaii, in March, 1886.—Honolulu 
papers of the 15th of Marchf report the sinking and disappear- 
ance of the lavas of Kilauea, implying, thereby, their discharge by 
some outlet. On the evening of Saturday, March 6th, the Old 
and New Lakes of liquid lavas in the great pit-crater, Kilauea, 
were unusually full and brilliantly active, as seen from the Vol- 
cano House, on the northeast edge of the great pit; and an ac- 

* Erlaut. Abbild. Vesuvius und Aetna, Berlin, 1837. 

+ Seacchi (loc. cit.) gives a sketch of the crater when in the quiet state, and 
—— showing its condition in October, 1843, after the filling of it had again 
begun. 

} The editors are indebted for the papers to Mr. Alexander, Surveyor General 
of the islands. 
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count by Mr. E. Finley states that the place of the path between 
the New Lake and Old Lake, called “the bridge,” was at this 
time ‘swept away by an overflow of red hot lavas,” which seems 
to imply that the solid lava making the bridge was melted away 
by the encroaching of the liquid lavas from one side or the other, 
owing to the increased heat. This condition continued until late 
that evening. After midnight, between 2 and 3 o’clock, the lavas 
of both lakes suddenly disappeared and the fires went out. At 
7" that morning, when the clouds had cleared away, it was 
discovered also that the bluffs of solid lavas that bordered the 
Old Lake (Halemaumau), part of which were 200 feet higher 
than the surface of the boiling lavas, had sunk into the depths 
below—the depths deserted by the liquid lavas. Besides this, 
the region of the “ bridge” between the two lakes had subsided, 
so as to make one great chasm of the area of the two lakes. By 
the night of March 7th all was total darkness in the crater, “ ex- 
cepting a few small lights from previous flows;” and on the 
afternoon of March 8th, as one who had been down into the crater 
reported, the fires were to appearance wholly extinct, though hot 
vapors still came up; the site of the New Lake was a great hole 
150 feet to bottom, and that of Halemaumau a much larger cavity 
500 feet deep. In addition, at the time of the earthquakes, 
several rents were made outside of the crater of Kilauea; one on 
the road from the Volcano House to another pit-crater called 
Kilauea-Iki, and two about two miles from Kilauea on the 
Keauhou road (leading toward the steamboat landing). For many 
days after the disappearance of the lakes “large portions of the 
edge were continually falling into the terrible gulf with thunder- 
ing sounds” that were attributed at first to earthquakes. 

o outflows over the slopes of Kilauea above the sea-level are 
reported. There may have been a submarine discharge. All known 
eruptions of Kilauea have been similar in general character: a 
condition of unusual heat and activity in each case being followed 
by a sinking of the lavas in the crater attending a discharge 
(above the sea-level in some cases), and a subsidence also of more 
or less of the bordering solid lavas. The extent within Kilauea 
of the surface of activity in the spring of 1840, and of the conse- 
quent subsidence of solid lavas at the eruption, six months before 
the writer’s visit to the region, has not since been equalled ; for 
an area 12,000 feet in length and 3,000 feet in mean width then 
sunk down 400 feet ; but alternations of activity and of discharge 
with subsidence of less extent, followed by quiet and a gradual 
increase in heat and activity of the lava, preparatory to a new 
discharge, have many times occurred. The discharge and subsi- 
dence are not premonitions of great activity, but results of 
fractures somewhere and an outflow, with a collapse, from which 
recovery is slow. J. D. D. 

4. Making deposits of the remains of birds, squirrels, and 
other small animals.—Professor E. W. Hizearp, in a paper on 
the asphaltum deposits of California, published in Williams’s 
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Mineral Resources of the United States for the years 1883 and 
1884, mentions (p. 940) that in Ventura County, thick mineral 
oil or pitch oozes or flows from the beds of the Sierra de Azufre, 
called also the Petroleum range, into the Santa Paula valley, 
and forms surface deposits, moving down the ravines, partly 
solidifying into rock-like masses, and partly forming lazy streams 
in the beds of rivulets. In the wet season these beds carry water, 
but during the dry and warm part of the year exhibit delusive 
reflecting surfaces of shining tar, generally mingled with a little 
calcareous water, which serves to delude all kinds of living crea- 
tures into the belief that they may there slake their thirst. Thus 
gophers, moles, squirrels, rabbits, all kinds of birds from the buz- 
zard and hawk to the canary, as well as all kinds of insects may 
be found just caught or completely submerged in the pitiless 
viscid mass, which rarely releases a victim once touched. The 
frequent occurrence of bones of lambs and calves sometimes 
proves that even these larger animals are entrapped; and the 
human foot may not escape the grip without loss of boot or shoe. 

5. The history of Taconic investigation previous to the work 
of Professor Emmons; by J. D. Daxna.—The following notes are 
from the opening part of an Address on Berkshire Geology, 
delivered before the Berkshire Historical Society, at Pittsfield, 
Mass., in February, 1885. 

The earlier workers in this field were Professor Amos Eaton, Dr. 
Chester Dewey, Professor Ebenezer Emmons and Professor Ed- 
ward Hitchcock. Three of the four were graduates cof Williams 
College ; Eaton in 1799, Dewey in 1806, and Emmons in 1818. 

Professor Eaton, after examinations, as he says, of the High- 
lands on the Hudson, the Catskill Mountains, the Green Moun- 
tains, and some other points, with old Kirwan as his text-book on 
rocks and minerals, put himself, in 1816, under the instruction of 
Professor Silliman, at New Haven, and heard two of his courses 
of lectures on mineralogy and geology. In March of the next 
year, the zealous naturalist, now doubly charged with enthusiasm 
—his own reénforced with that of his eloquent teacher—began a 
course of lectures at Williams College, with specimens supplied 
him by Professor Silliman and a collection made by Professor 
Dewey, then Professor of Mathematics and Natural Philosophy 
and Lecturer on Chemistry in the College; and “such was the 
zeal,” says Mr. Eaton, “that an uncontrollable enthusiasm for 
Natural History took possession of every mind, and other de- 
partments of learning were, for a time, crowded out of college. 
The college authorities allowed twelve students each day (72 per 
week), to devote their whole time to the collection of minerals, 
plants, ete., in lieu of all other exercises.” 

Mr. Eaton, while there, gathered specimens of rocks from all 
directions, through his students. He also made two tours from 
Boston across Massachusetts; and by 1820 he had examined the 
rocks along several sections between isvienntes and the Hud- 
son, besides making various excursions elsewhere—2,000 miles of 
which, he says, were made on foot. 
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In 1817, Professor Eaton left Williamstown for Albany, leav- 
ing the special geological study of the region in Dr. Dewey’s 
hands, and three years later he acknowledges (in his Index to the 
Geology of the United States, 1820), “the assistance for two or 
three years, of that very able and accurate naturalist, Professor 
Dewey of Williams College,” and shows his appreciation of the 
knotty character of the region by the additional remark: “He 
resides at the very central spot of the most complicated difficul- 
ties, and never suffers any interesting fact to escape his notice.” 

In January, 1819, Dr. Dewey was ready with results, and 
published, in the first volume of this Journal (p. 337-345), a geo- 
logical description of the Williamstown portion of the Taconic 
region. In 1820, in vol. ii of the same Journal (p. 246), this 
paper was followed by another on a * Geological section from the 
Taconic Range in Williamstown to the city of Troy.” By the 
summer of 1824 he had much widened the range of his researches, 
as shown in the eighth volume of this Journal (pp. 1 to 60 and 240 
to 244), in an article the “Geology of Western Massachusetts 
and a small part of the adjeining States,” illustrated with a col- 
ored geological map embracing all Berkshire, the southern por- 
tion of Vermont, Canaan and Salisbury of Connecticut, and 
eastern New York to the Hudson. 

The “Taconick Hills” first took their place in geological litera- 
ture in his paper of 1819, in which (on p. 337) he mentions the 
Indian orthography of Taconic and gave the word its present 
shape. This first geological map of Berkshire, published in 1824, 
shows the north and south direction of the belts of limestone; the 
Taconic backbone of the region, consisting, as he had found, of 
“mica slate” and “argillite ;” the “ primitive limestone” to the 
east of the Taconic range, the “transition limestone,” or less erys- 
talline, to the west ; the isolated ridges of quartzyte, and areas 
of mica schist and gneiss farther east; the “gray wacke” and 
slates farther west to the Hudson. Professor Dewey also ob- 
served the general eastward dip of the rocks. Following Eaton, 
he sought, by the terms “ primitive,” “ transition,” “ gray-wacke,” 
to bring the facts into parallelism with those of English and 
European geologists. Professor Dewey says, in his appendix to 
this paper in the same volume (p. 242), “In Fishkill I found 
petrifactions in siliceous slate associated with argillite.” This 
very important discovery has not since been verified; but prob- 
ably will be, since Lower Silurian fossils have been recently found 
just north in the slate of Poughkeepsie, and many more in the 
neighboring Barnegat limestone. 

It deserves mention that Dr. Dewey was enough of a chemist 
to use the science to great advantage in his geological work. By 
means of it he determined rightly the composition of the prevail- 
ing slaty rock of the Taconic range, and set forth his determina- 
tions repeatedly in his published papers. These slates were pro- 
nounced by Eaton and others Zulcose slates, because, like tale— 
a magnesia mineral—they jfelé greasy. But in 1819 he said, “I 
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have been able to detect only a very minute quantity of magnesia 
in any specimens I have tried, but much alumina.” Thereupon 
he, with good reason, called the rock “very fine-grained mica 
slate.” But the other geologists, including Emmons and Hitch- 
cock, did not accept of his determination, and the error continued 
in the science of both America and Europe, for forty years and 
more. Dr. Dewey was a keen-eyed student of Nature, and New 
England geological science lost much by his leaving the field 
after having well passed its threshold. 

Professor Ebenezer Emmons received his scientific inspiration 
from Professor Eaton, whose rousing lectures, at Williams Col- 
lege, he heard while in his Junior year. Under its influence he 
became one of the most active and faithful geologists of the 
country. He was a pupil in Professor Eaton’s Rensselaer school, 
which was opened in Troy in 1824, and in 1826, the year of his 
graduation, published a small ‘‘ Manual of Mineralogy and Geol- 
ogy,” for the Rensselaer school. (This Manual was my first 
school book on the science while at a High-school in Utica, 
between the years 1827 and 1830, where another Rensselaer 
school a was our instructor in chemistry and natural his- 
tory.) Like Professor Dewey he became an instructor in Will- 
iams College, entering upon his duties there, as a Professor of 
Natural History, in 1833, and then commenced his geological 
investigations. 

6. Fifth Annual Report of the U. 8. Geological Survey, 1883 
to 1884; by J. W. Powe t, Director. 470 pp. roy. 8vo, with 
many plates and other illustrations.—The report of the director, 
here presented, shows that a large amount of geological work is in 
progress under the survey and that all of it is of high order. 
The papers published with the report are the following: The 
topographical features of Lake shores, by G. K. Girpert; Prelim- 
inary paper on an investigation of the Archean formations of the 
Northwestern States by R. D. Irvine; The requisite and qualify- 
ing conditions of Artesian wells, by T. C. CuamBertin; The 
gigantic mammals of the order Dinocerata, by O. C. Marsu; 
existing glaciers of the United States, by I. C. Russert; and 
a Sketch of Paleobotany, by L. F. Warp. The work of Profes- 
sor Marsh on the Dinocerata has already been noticed at length 
in vol, xix (1885) of this Journal, and the report of Mr. Russell 
briefly in the current volume; and Professor Irving has a paper 
in vol. xix on the Archzan which bears on some of the points he 
here considers. 

Professor Chamberlin’s report, as its title implies, is a scientific 
review of the conditions favorable and unfavorable to success in 
Artesian borings, and has a direct reference to economical results. 
The discussion is based on a wide range of facts from a geologi- 
cal source and from past experiences in borings, and the explana- 
tions are accompanied by many illustrating aon. The report 
is therefore an excellent manual on the subject. 

A new feature in artesian boring came to the writer’s knowl- 
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edge last summer when at Lebanon Springs, at the western foot 
of the Taconic Range, in Columbia County, N. Y. In that 
vicinity, where the schistose rocks (hydromica schists) stand at a 
high angle, an artesian boring had been run into the hills nearly 
horizontally for three hundred feet, and a permanent flow ob- 
tained. A vertical boring at the same place would have been in 
all probability without success, as in most other regions of meta- 
morphic rocks. 

The paper on the Topographical features of Lake shores, by 
Professor Gilbert, treats of the character and origin of these 
features, and considers the physical questions as to the nature 
and effects of wave and current action in erosion, transportation 
and deposition. It takes up therefore the subject of water action 
over the earth’s surface from a fundamental point of view, omit- 
ting the part consequent on tidal movements; and, under the 
action of water, that of ice, its frozen condition, is included. 
“Littoral erosion and the origin of the sea-cliff and wave-cut 
terrace ” is first explained, then, ‘‘ the process of littoral transpor- 
tation, with its dependent features, the beach and the barrier, and 
finally the process of littoral deposition, resulting in the embank- 
ment with all its varied phases and the delta.” Wave action 
from winds or currents, is considered at length as a question in 
physics, and its effects followed out as to methods, and as to 
results in the sculpturing of the shores; and then deposition is 
considered, its determining and modifying conditions, and results 
in beaches, bars and deltas. The formation of terraces of differ- 
ent kinds, and that of moraines, and other results of ice deposi- 
tion are also considered under the head of “ the discrimination 
of shore-features,” and “the recognition of ancient shores.” The 
Utah Great Salt Lake and the Lake Bonneville region has afforded 
Professor Gilbert many of his facts, but far from all. Besides 
plates illustrating this region, there are others giving admirable 
views from Lake Michigan, Lake Superior, Colorado, Montana 
and Idaho. 

Mr. Ward’s sketch of Paleobotany is mainly historical and 
treats of the discoveries hitherto made. In its review of discov- 
erers it commences with Scheuchzer, whose Herbarium Diluvia- 
num appeared at Zurich in 1709, and from him passes to Baron 
von Schlotheim, whose first publication on fossil plants appeared 
nearly a century later, in 1801; then speaks of Sternberg, Brong- 
niart, Witham, Gippert, Corda, Geinitz, Binney, Unger, Schim- 
per, Williamson, of Europe and Britain; and then of Lesquereux 
and Dawson, whose first publications appeared in 1845; of Heer 
and Bunbury, who published first in 1846, of Massolongo and 
Ettingshausen, 1850; of Newberry, 1853; Schenk of Leipsic, 
1858; of Saporta, 1860; and of Carruthers, 1865. A review of 
the more important publications follows, and a consideration of 
the classification of plants, with the bearings on the subject of 
classification of the facts made known by paleontological dis- 
covery. The paper closes with tables giving the number of spe- 
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cies, or so-called species, found fossil in the successive geological 
formations, and of those now existing, with diagrams illustrating 
the progress of the several grand divisions. 

The volume contains also a copy of the colored geological map 
of the United States by Mr. McGee, of the Survey, already no- 
ticed in this Journal. 

7. The work of the International Congress of Geologists and 
of its Committees; published by the American Committee, under 
the direction of Dr. Perstror Frazer, Secretary. 110 pp. 8vo, 
1886.—This pamphlet contains Dr. Frazer’s report of the discus- 
sions at the Congress, together with a general notice of the meet- 
ing, extracts from the very valuable report of 147 pages published 
in England, by the English Committee, and from the reports of 
some of the European Committees. It also presents, on a folded 
plate, the scheme of colors for geological maps, proposed by the 
Congress and used on the geological map of Europe now in 
course of publication. Through the distribution of the scheme it 
is hoped that a general uniformity may be ultimately secured in 
the maps of all lands. Complete uniformity between the different 
nations as to geological terms or colors is not to be expected on 
account of existing differences among them in language, in rock 
formations and their unequal display, and in geological opinions 
based partly on differences of progress in sone of the divisions of 
the science, and partially on national preferences. 

Great credit is due to Dr. Frazer for his labors as Secretary of 
the American Committee and as editor of the report now issued. 
Those wishing copies of the Report should address Dr. Frazer, 
in Philadelphia, and enclose fifty cents—the cost of publication. 

8. Mastodon, Llama, ete., from Florida.—Professor Lretpy has 
reported (Proc. Philad: Acad. N. Sci., 1886, 11) the occurrence of 
bones of Mastodon, Auchenia (llama), Hippotherium, Rhinoceros 
and Megatherium, near Archer, Florida. Some of the mastodon 
bones are very near JM. angustidens in species, and are named MM. 
(Trilophodon) Floridanus. Three species of llama are supposed 
to be indicated and the names proposed for them are A. major, 
A. minor, and A. minimus. 

9. Fossil leaves in Staten Island and Long Island Clay beds. 
(Trans. N. Y. Acad. Sci., iii, 30).—Leaves in clay beds are here 
reported by Dr. N. L. Britton from the southern end of Staten 
Island and from Glen Cove, Long Island, the beds at both places 
apparently of the same age with the plant-bearing clay beds of 
the Middle Cretaceous in New Jersey. Dr. J. 8. Newberry 
stated that he had already exhibited similar specimens from 
Williamsburg, Lloyd’s Neck and Glen Cove, Long Island, includ- 
ing large numbers of angiospermous leaves, which were probably 
of the age of the Raritan clays. 

10. Systematische Ubersicht der fossiler Myriapoden, Arach- 
noideen und Insekten, von S. H. Scupprer. (Verlag von R. 
Oldenbourg, Miinchen u. Leipzig).—This important, well illus- 
trated review of fossil myriapods, arachnoids and insects, covers 
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pages 721 to 831 of Zittel’s Handbuch der Palzxontologie, I 
Abtheilung, Palzozoologie, BD. II, and bears the date of 1885. 

11. On the Higher Devonian Faunas of Ontario Co., N. Y.; 
by J. M. Crarke. 80 pp. 8vo, with three plates. Bull. U.S. 
Geol. Survey, No. 16. Washington, 1885.—Among the fossils 
from the Genesee shales, are Dinichthys Newberryi Clarke, and 
Paleoniscus Devonicus Clarke; from beds above, called Naples 
beds, Paleoniscus, with a fish spine referred to Pristacanthus. 
(The Dinichthys is near, though distinct from, the species described 
by G. N. 8S. Ringueberg from the Portage Group on Lake Erie). 

The Naples beds include the lower part of the series referred 
by Hall to the Portage, namely, the Cashaqua shales and Gardeau 
shales, which, according to Mr. Clarke, belong with the Genesee 
shales in fauna; while the rest of the Portage series, the Portage 
sandstone, he would transfer to the Chemung group. 

Mr. Clarke describes a “ Goniatite concretionary layer,” as 
occurring at an elevation of about 150 feet above the top of the 
transition shales. The rock contains much pyrite, has a thickness 
of eight inches to a foot, and is overlaid by four feet of soft shales 
abounding in concretions ; and nowhere above the Marcellus shales 
(of the lower Middle Devonian) are Goniatites so abundant as 
here. The deposit is compared in its characters and the abund- 
ance of Goniatites to the Kramenzelkalk or Goniatitenschichten 
of the Rhine Provinces and Westphalia. Hall’s species Goniatites 
Patersoni, G'. discoideus and G. sinuosus are in comparatively 
great abundance and generally have served as nuclei for the con- 
cretionary masses. 

A number of new species are described from the beds. After 
the descriptions follows a list of all the known species of the 
several divisions of the Genesee, Portage-and Chemung groups 
from Ontario County. 

12. Fossil Ostracoda from Colorado.—Professor T. Ruprert 
Jones has studied the Ostracoda of the Jurassic Atlantosaurus 
beds, near Cafion City, from. specimens of the rock sent him by 
Dr. C. A. White, of the U. 8S. Geological Survey, and described 
and figured seven new species in the “ Geological Magazine” for 
April. 

m3. The Tripyramid Slides of 1885 (Appalachia, iv, No. 3, 1886), 
p. 177).—In this paper Mr. A. A. Butirr, after describing the 
effects of the slides in 1885 of Mt. Tripyramid in the White Moun- 
tains considers the facts that determine the occurrence of slides, 
and among these mentions as “one of the secondary factors, the 
preparatory work done by underground streams,” in wearing and 
making channels over the surface of the underlying rocks; and 
observes that this is often promoted by the laying bare of the 
rocks for short distances by small or incipient slides. The ques- 
tion as to where a slide begins, whether at the top or at the bot- 
tom, he answers by saying, with sustaining reasons, at neither, 
but at some distance above the bottom. The Tripyramidal 
slide occurred on an average slope of about thirty-four degrees. 
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Its width was 350 feet at the top; over 300, in general, below; 
over 400 where it turned at a right angle and entered the brook; 
its length on the mountain was half a mile; to the foot of the 
delta made by it nearly two miles. 

14. Titanichthys and Dinichthys from the Devonian of Ohio, 
(Trans. N. Y. Acad. Sci., v, No. 2).—The Titanichthys, which 
Dr. Newberry here describes, is a gigantic fish, much larger than 
Dinichthys, the cranium being four feet broad (that of the largest 
Dinichthys being three feet), to which he gives the specific name 
7. Agassizii. It is from the Huron Shale, bordering Rocky River, 
a few miles west of Cleveland. Besides Dinichthys Hertzeri, Dr. 
Newberry mentions the discovery of D. Zerrelli in the valleys of 
Black and Vermillion Rivers, and two smaller species, D. minor 
and D. corrugatus ; also a fourth, D. Gouldii, at the Rocky River 
locality. The last is remarkable for the size of the eye and for a 
series of sclerotic plates, four inches in diameter, around the eye, 
like those in Ichthyosaurus. He mentions that Coccosteus has 
recently been proved by Professor von Kenen, of Gdttingen, to 
have a bony ring round the eye. The same paper contains notes 
on his Diplognathus mirabilis, also of the Dinichthys family. 

15. Catalogue of the Fossii Mammalia in the British Museum. 
Part II, containing the Order Ungulata, Sub-order Artiodactyla ; 
by R. Lypexxer, F.G.S., etc. 320 pp. 8vo. London: 1885.— 
This catalogue contains many descriptive notes on the species and 
specimens in the collections of the British Museum, numbers of 
them type specimens, which make it much more than a catalogue. 

16. Discussion on Climate and Cosmology; by James CROLL, 
LL.D., F.R.S. 328 pp. 8vo. Edinburgh, 1885.—Dr. Croll’s 
recent papers in this Journal make it only necessary to announce 
the publication of this new volume, in which the views in those 
papers are mostly embodied. 

17. Allgemeine und chemische Geologie von Justus Rorn. 
II Band, Zweite Abtheilung.—The continuation (see vol. vii, 493) 
now issued of this important work carries the description of rocks 
through the “ younger eruptive rocks,” which are discussed under 
the heads sanidine rocks (1), the leucite and nepheline (2 and 3), 
and the plagioclase rocks. 

18. On a crystalline slag having the composition of Fayalite ; 
by Epo CiaassEN (communicated).—The slag under examination 
has an iron-black to steel-gray color and a metallic luster. Its 
hardness is 5°5, its specific gravity 4211. It is strongly mag- 
netic, and gelatinizes with strong hydrochloric acid, though not 
completely. Cavities in the slag occasionally contain prismatic 
crystals, showing the forms 7-2, 2-4, 7-2 (Dana’s Mineralogy) and 
affording angles which agree closely with those of chrysolite. 
Three analyses were made, one of which yielded the following 
results: 

SiO, FeO AlOs MnO CaO MgO K.O Na,O 
28°16 68:39 1:34 0:19 032 O15 O17 0-21 0-24 = 99°67 


The sulphur is probably combined with iron as FeS; deducting 
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this, the analysis corresponds very closely to an iron unisilicate. 
The slag, therefore, has the composition as well as the form of 
the mineral fayalite, similar to other iron slags which have been 
described by Mitscherlich and others. 

19. Journal of the Trenton Natural History Society, January, 
1886, vol. i, No. 1, 22 pp. 8vo.—This first number of the Journal 
of this Society i in New Jersey contains interesting notes on several 
geological and botanical subjects. The last is a paper by Dr. 
A. C. Stokes on Peridinium and other infusoria. 

20. Recent Notes from Botanische Zeitung.—In the numbers 
for last January, Professor Hugo DeVries gives an account of his 
studies relative to the phenomena of aggregation in the tentacles of 
Drosera (see this Journal for last December). His conclusions may 
be thus summarized: All stimulants which heighten the activity of 
secretion by the glands in insectivorous plants ‘bring about remark- 
able protoplasmic changes dependent on three factors. These 
are (1) an increase in the ordinary cyclosis of the protoplasm on 
the wall of the cell; (2) a division of the vacuole into very nu- 
merous minute portions which remain enclosed by the original 
film of the large vacuole; (3) a very remarkable diminution in 
size of these minute vacuoles, by which a part of their contents is 
expelled through their walls, and then, having chemical properties 
unlike those of the vacuolar contents left behind, this soon aggre- 
gates in the form of the well-known masses described by Darwin. 
After the stimulation has passed, the minute vacuoles become 
again confluent, the expelled contents resume their former dis- 
solved condition, and pass into the large vacuolar space. 

In the numbers for February, Arthur Meyer takes up the for- 
mation of starch granules in foliage leaves, noting the existence 
in assimilating leaves of the following substances: mannite, dul- 
cite, glucose, cane-sugar and sinistrin (a body allied to inulin). 
Meyer’s experiments appear to show that on withdrawal of leaves 
from light, there is, for a while, a steady diminution in the 
amount of the soluble substances above mentioned, and at the 
same time there is consolidation of these carbohydrates under the 
form of starch through the influence of the amyloplasts. 6... 6. 


Astronomy. 


1. A Popular History of Astronomy during the Nineteenth 
Century; by Aanes M. CierKE. 8vo. Edinburgh: A. & C. 
Black, 1885.—The aim of Miss Clerke is to present in a popular 
manner the discoveries that have been made in what she calls 
the “new Astronomy” since the time of Herschel. Mathematical 
theories, except in their more striking results, are excluded from 
consideration. 

There is a charm in the history of any science, when the story 
is well told, which the science presented as a finished product 
does not possess, and Miss Clerke has told this story remarkably 
well. The book is intelligible to the ordinary thoughtful reader, 
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and yet a very large class of men engaged in other lines of science 
will find it not merely a popular history but also a valuable book 
of reference. The “materials have been derived, as a rule with 
very few exceptions, from the original authorities.” References 
are given for nearly every important assertion, and a reader who 
has occasion to verify or who questions any statements is thus 
easily put in the way of examining them for himself. 

In the very numerous cases where astronomers differ in their 
conclusions Miss Clerke has had no easy task. She has, we think, 
been very successful in most cases in choosing the right side, or 
else in holding an even balance between the opposing opinions. 

Occasionally, however, her success may be questioned. Re- 
specting the large vs. small telescopes she says: “it seems clear 
that we have reached a turning-point in the history of telescopic 
improvement.” At the time this was written she probably had 
not in hand the latest testimony of Dr. Vogel about the perfection 
of the images of the Vienna refractor, and certainly had not the 
recent testimony of Professor Young. From the fact that one 
observer with a 4} inch glass sees details which another with an 
18 inch glass cannot see, practical astronomers will not, we think, 
at once decide against the greater utility of the larger glass. 

A. N. 

2. The Star-guide, a list of the most remarkable Celestial objects 
visible with small telescopes; by Latimer CiarKk and Hersert 
Sapter. Macmillan & Co. 1886.—A very convenient manual 
for the possessors of small telescopes. It gives catalogues of 
interesting celestial objects, of test objects, variable stars, lunar 
mountains and meteor radiants, in a form convenient for use. 

3. Photographic Study of Stellar Spectra.—In accordance with 
the liberal provision of Mrs. Henry Draper, the study of stellar 
spectra by means of photography is to be carried forward at the 
Harvard Observatory as a memorial to her husband. In announc- 
ing the plan of this work, the Director, Professor E. C. Pickering, 
states that in order to keep the astronomical public informed of 
the progress made, specimens of the photographs will be gratui- 
tously distributed from time to time, the first of which is nearly 
ready. It is desired that those immediately interested in the 
work express their desire to obtain copies, in order that the ex- 
pense of reproduction may be limited as far as possible. Applica- 
tions may be made to the Harvard College Observatory ; a blank 
form of request is provided. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. The Fisheries and Fishery Industries of the United States, 
prepared through the co-operation of the Commissioner of Fisheries 
and the Superintendent of the Tenth Census, by Gkorcre Brown 
Goopr, Asst. Director U. 8. National Museum, and a staff of 
associates. Section I, Natural History of useful Aquatic Animals, 
a volume of text in 4to of 896 pages, and a second volume of 277 
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plates.—This Report is a full account of the useful aquatic ani- 
mals from both Natural History and industrial points of view, 
and its objects are well carried out. Thirty-two pages and 11 
plates are devoted to the whale, eighty-two pages and 12 plates 
to the seals and walrus, besides a map of the world (plate 24), 
showing their geographical distribution; and with like fulness, 
varying according to the importance of the species, the many 
kinds of edible, or otherwise useful, fishes are described, the 
squids, the common mollusks, such as the oysters, clams, mussels, 
etc.; the Crustaceans, as the lobster, crabs, prawns, the common 
starfish, etc. 

This contribution to the great and important subject of the 
American Visheries has been prepared under the supervision, and 
largely the labor, of Mr. Goode, and at the joint expense of the 
U. 8. Census Office and the Smithsonian Institution. It is to be 
followed by other volumes on the Fishing Grounds, the Fishing 
Towns, the Fishery Industries, and related topics. 

2. Outlines for a Museum of Anatomy, prepared for the 
Bureau of Education, by R. W. Suuretvt. 66 pp. 8vo. Dept. 
of the Interior, Washington, 1885.—The author of this report 
urges the importance of making museums of anatomy museums 
of general structural zoology, and treats of the methods of form- 
ing them and of the classification that should be adopted. The 
discussion of the last topic occupies the most of the pages; and 
in the course of it, he illustrates the view that the true order of 
arrangement is that which best shows the successional order and 
relations of the groups and species, and advises as to the species 
in each group that are most illustrative in this and other respects, 
and which therefore should be preferred for a museum. 

8. Earthquakes in New England (Appalachia, 1886, p. 190). 
—Professor W. M. Davis has in Appalachia an interesting map 
of the earthquakes of New England, illustrating an article on the 
subject. 

4, Medals of the Geological Society. — The Wollaston Gold 
Medal, at the annual general meeting of the Geological Society of 
London in February, was given to the eminent mineralogist of 
France, Professor Des Cloizeaux; the Murchison Medal, to Mr. 
William Whitaker; the Lyell Medal, to Mr. William Pengelly, 
made famous by his investigations of the cavern, Kent’s Hole; 
and the award from the Barlow-Jameson fund to Dr. H. J. 
Johnston-Lavis. 

5. Medal of the Astronomical Society of London.—The gold 
medal of the Astronomical Society has been given to the Harvard 
astronomer, Professor E. C. Pickering. 

The Auk. The Auk for April, 1886, contains a paper of sixty pages on the 


birds of the West Indies (including the Bahamas and the Greater and Lesser 
Antilles, excepting the islands of Tobago and Trinidad) by Charles B. Corey. 
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Plate IX. 
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